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(a) muLnz. r^mismaum. asawt*. 

(b) *i^a»+T-~^itLT, mzmimm 
EmMvmtiitoiWfcthxnt . ( c > nen 

nai turns? 'j -mit«±t . si 
-r hxut .(f) »2<o««+t--/^*l,' file 

* 2 R&Kttl t fit Hft^fln£3Hft&&a£ft £ 

t&is. 

im&x 2 ] flneaatttii aw** 5 a~ s o a 

thxmt. (h) m<vm>*T--t\s*mix , m 
s-u. mrni%Mm<nmtiTmffl%i-&xnt . 

( i ) fr£#«ttfl££SHK&LT. fjlB4>H£Mtt 
■o«iif*ltaiS**lSi: . ( j ) fifB4>f§!R3$i8tt 

m&z&iRmmmzmm-hxizb . < k > mess 

2R!«8tt«<04'*»*IM6ISfc. ( 1 ) £2*)Btt 
— /l^SrMtT. JS2R5l8ttlT<0iii|BIR!fi8tt 

imzmjm&mnmt-Kfa t xxi-*#fofcHi6* si 
s. 

u««iffl^-c»jft-r*iii*« 3 ceftattftftttix? 
[ 5 ] file ( g ) ist. fiie^i^^aitts 

£ 1 0 AJ2LLT5 0 AUlTT«-rSil^3 *fcl44 

im^me ] mi*ffl%sk®.&mz 3 o Aja±T4 o 
a. 

[m*«7 1 file ( k ) ist. ss2R3$aattffo+ 



mm. 

itmm ] frte ( k > xmx\ miy >j -mm<v 
ttzi±m&yv-mm<v*&8i>±.£5mmJB 

lit** 9 ] WE ( k ) 1ST. file 7 'J -8f4SO 

Ctl^JBlO] WTWISSr*-fS^t^#Sfct-S 
(m) mLUz. T*>4>*lR5*»ttAK H^iSttS. 
^N»tt«<0WT1!MIS^^JIK«:»jSt6lSi: . 

( n ) m i «oa»«t»r--/u** lt . Mian i sssa 
i«ifciajia«iMiiBfcS«MS^«ff fjie® 
saittiwaMfcfirrtiSrH^tiiai: . ( o ) Arrant 

ttHfc^WBfeSLT. UIE7';-«tMiO«lBt«fJ3 
-££>iSfc . ( p ) mtiy V -mm±iz^m&MRX/ 

m2m&&mzmizBf&tzxmt . ( q ) friem2 
^atw&t^ri^atwco+jfesii^fet-sie 

s. 

Clf 1 1 3 ffl£$BH&H<?>l£II£ 5 A- 5 0 Ate 

mm 1 2 ] miens 2 m3kwt»±K. . ^77? 
[M^g 133 Mie ( a ) isof/t, 

(si) KfiUit. T««»i*»JW-6IS**L, 
file ( e ) iSOf&K. ( s 2 ) BUieH2cOR3S©tt^ 

±t. fjfes2^R3ustts^a^h7-^ii^[Si^4' 
mi,zx®i)<i&vt,tit:tmmzmmtzxnb. <s 
3 ) fjie^iiiSBtemmwtSji-f zi&m&mzmiSL 
-rsist . ^*-rsii3<JS 1 *fci*2ie»«>»$iu*Hi 

f»^<3S 14] file ( g ) Xli ( m ) xsomte. 

( 1 1 ) *«ui(e. TffmwijBdrt-iis^L. 

fig ( k ) Xii ( q ) oig<ofU>0(c, ( t 2 ) file 
W. 2 <0R»»tt«±fcHMM fe«iW*IS (t 

iSft/ci^^ h l . rnie^^iisr/fiiem 2^s 
^fiatt«£7)fjie^a5(cffitB-r &mo.£wi 0 aoc t x 
mnmmhxut. < 1 4 ) fiieDa^wMcm 

fS^JS 3 fro L 1 1 v*^CIEa<flBSltt{fiS? 
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[M**i5 3 me (g) xit (m) xmnmz, 

( t 5 ) gfcLLlc. T*WW£»fiM-*XS**U 
IwiE ( k ) Xli ( q ) ©IS^ftbOC, ( t 6 ) luie 

*2o£!mtti±e h 7 y ^B*i6i<oifi*aisfc«at*« 
jas* *ifc«iw ^j^t s xg t % ( 1 7 > msam 

t, ( 1 8 ) mmt$cD&mznm)izmm.i-$>±.®n 

mMZl&fctZXfgk. ttt&&$&3%^Ll \<n 
6 3 Mia ( t 3 ) ISkUE ( 1 4 ) Xg 

<vmt.tz\±mi ( 1 7 > xskniE ( 1 8 > xmm 
( u i ) t^ia«*^iBEi^±t^{tTffiioie 

iliif £fi)cl£-ri>Xgfc . ( u 2 ) luiSiagffcOlgfflXUS 

1 4 4*:ii i sfcE^awu^aj^^iiBt*^. 
[mmi 7 ] lute ( s i > TMtmi < a > ig*> 

ISL We ( t 1 ) IgtOTfE ( s) X14 (m) IgcDff 
fc. ^(ifTfE ( t 5 ) xntmii ( g ) X(± ( m ) X 

mmmfoiz%&it:mmmffct&jmt 

WfEUK {g)|fcil(m)IglCi5ViT, 

[IW<JS18] b5IB (v2) XfifcJSVYt. 
f5IE£tiiS50±ffii, B5fETa«15S^PMg|S±(Ct£ 

in&R 1 9 ] l5ieTgP«ffilS.t//X{iB5ie±g|5« 

cti*^ 2 o j i!5fex3n«©i£ . mizmmt mm 

« 1 3 &u u 1 9 <n\ ^-rtiMzim^m^tam^m 
mm. 

&m*m 3%^i2oco^i e tiMziffim$mm 
?mmm. 

[f8*lB2 3] H5IE(a). ( g) t1M (m) Ig 



[tt*J«2 4] H5IEUK <g) ifctt <m)X8 
T\ fJlE^m-ftlSr, Ru, Re. Pd. Os, I r, 

pt. au, Rhw-rtifria*Mi2n&±'mfiL 
•ti msm i=5:v^L2 3<di ^rtiMzim^m^mtam 

[ft*«2 5] fjfEUK <g) *fc{± <m) Ig 

sm 1 &v * l 2 4 <n\ ^rixMztmcowsmiiimTCDm 
mm. 

[»3<Ji2 6] mZyV-m.&mtCoF e/N i F 
e/C o F e<7>3JiWjrCJBj£*-Sft£lS2 5IE«(7)H 

[ooo 1] 

? ssamwur >~9-& t'^ffli *6*u msmm^m 
o . h 7 v tmzuwz h mmzy u -mumo 

[0002] 

IE»«#t cW|6nBffl*»^S^»^HffifflHT*6 . 
C 0 0 0 3 ] tff - 1 lifflRTft 0 . h5IE»1R 1 <0±(=R 

^jittii 2 . mmf&m 3 . ^«tt»^ 4 m/? «j - 

■R8coSfflfc:«-'N- HvnV 7Xig6*^$ii, KflfiA 
- rxm 6 »±tcll«il 7 ^* . 

[0004] MEHSMftlSWffi^tifJlES^ffi'lil 

[ 0 0 0 5 ] H4 0 [zfn-f X 3 lcfflE7 'J -Kttl 5 co 
wjWBMS it. ^WlSiE»^S^cf#oTI5lE h 5 >y 
[0 0 06] U>L$h^y?-fbWitf£:. 04 0^* 

[0007] (1) t~rm4oiz^tmmx-ii. mh? 

*«r«W«i» 5MW8Wc*f LTflMiaattL(c< ir^R8 
«W ^ * D . » h 9 -y ^ ft fcff o T i ^iSffi^Wit^ 

[0008] (2) A-KA>f7.7Jl6£7y-KttJl 
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[0009] ^ct) J: 5^fi8^W^il^»;J:oT7 

£ 0 , 7 0 -«tt/f 5 «atiil ( A-y 9 V >7 

7 >y 7 Mc&£ {5 k\ 7 'J -JStt® 5 £7)£V ^$^4 t 
^ < & *) . d file J; 0 S4W^ttA*iTt & v > 

[0010] ( 3 ) -/ 7°itlZi¥-oX H IW 
77.B 6*^<7)^^ T7.?8#<7)-^\ 04 0 tc^-t 

tZ. 7 'J -SSttil 5 T7-S&I? 

*>m o.7y -®&m 5 nmmmmmzft ozt 

cooin niiKmm&zmni'ZKifr. m&? 
\t. 7v-&m5cr>®.ik%\mii. yv-®.&m±izK 

[0012] x? xi-^yj/u 77,ij^m^m% 
$ai3m±. wii$®4 iat/04 2iz*twmx.f£z 

HUXUmZtlZ. 04 1&l/042ti. JS^^ai^ 

[ o o 1 3 ] 04 i iz^-txmx-^ i ±K<yU(f 

mtmnfflzmitm 3 . ^aititmJi 4 wwmm 
w>7 y -mm 5 mmmtz . z lt 15157 y - 

Ktt® 5 _hfcME 7 y -Sffil 5 AM^^lUift $ ft* 
t SfclWfcSfUttfcllMtffcfctfKOT a!9 Sr»jjW" 

[0014] <5tfcH4 1 fc^rWIET aK9±t V7h 

^7Wi<r)VJxvmi o^jbjsu miau^xbsi 0 
fcgyj L^friaT aH9 £4 *y $ y y^-c^t 

th. Z<?)bZmiTamT<?>7V-W&m5i>--'%t 

[0015] mzm4 2t,z^-txmx'itu^x hm i o 
(mmtzmm 7 y -bm 5 jitrsratiJi 1 1 . 1 
r m n t'X'B&ztizm 2 mmm 1 2 . 

l^m®®l 3 5-jI^M^. *LTH4 2(Cijr*-I^* 

[0016] *UC04 2iZ7fi?WSmibm :: FTti. 3 
«tt«l ira<7)N7-y^i|i^-[6] (0^X*!Nt) cOfSJfBT 

h 5 y ^STw*j8BTS . mmm&m 1 1 iifirfen 

2f0M8ttB 1 2 t^lSJ-Cfl^t^^^K^Jio 

tti 1 1 Ttcfifi-r-s 7 y -atttfl 5 ^MfflHsSnSAti. 



ffl£5IBfc:H5£3*U h 5 y ^BTw««c07 >J -Kit 
[0 0 17] KOX^Xfxyy'AM T^K^ffll* 

saatnaj*^-cftntr. ±ELfc ( 1 ) ~- ( 3 ) mm 
&£mmzffiMX'£ 1 t, <r>t tmztvk. 

[00 18] 

{WMfiW&.Lt.lk-ttVWl U>L&#£>04 1& 

r/04 2iziFtwkinx'&&ztiJzwmkftm?X'te 

[0019] (Di-rmnz. 04 1 iz^txmx-ff) 
•^^ysyy^t. TaM9o^^,-r. zcdtizm 
&ztitz7V-M&m5<7)--u£X'mitixLik\,\ t 

tc4*y$ 'J y mt^ffiffl^il-S A r ^irWvStt^'X 
* { H£U L fc 7 y -JSttS 5 ^B*^ <^ A 9 
<=5ry, JSLh^ld^^-ySUy^fci*^-^ 
«k o X Mi 7 y 5 tfofusaw- 5 a Otfi Afl it A { 

Wife 1 ?.- **v^*B^«B*%tL^t<4* (Mi 
xingM) . ZtLlZi->xmil7V~W.&M5nm 

mm 5 a (Dtimmtmt i^t^ * . 

[00 20] 04 llS<0>f*y5yy^tTa«9 
W^^ffl •) . 7 y -iKttS 5 ^iJ^it^^J: 0 IZTZil 

[002 1 ] 7 l Mtti5ltKJJl 

fcTaK9<0HIWc*S. t9ETaR9<OKJ?liJ«m 
"C3 0A~5 0AS«T«j£Sii4. ;<T«KcoJ?^JR 

ipr&wuf 7 y 5 a>m$ix&<7)£jitjM 

[00 2 2] k;Wa|!9ll *»fc»Silfe»3, 
USSBttS 3 1 1 k 2 . 1 2 BTf 

■cBHks/i.. -e^srtk$itfca^jwij6«B3iL. fine 

T al 9 OJUi*^^ 3 0 AgJJtrft ofc t^.Wtft 
lzX^XmtiTam9<7)mmii4 5ASSCit^l< 

[ 0 0 2 3 ] ftoTBHtoCi oTBWW** <4nfcT 
aM9 2r^*W(C5y y^Tm^-rSWi, Sz*^F 

KWcofli^T aK9 * >f *y s y y^x#i L/cUfa 
C, S 'J y Z k tt^RrSllcifiv^. t-=5:^*»s 
x^n^f-tc^riiJfiSliif 5 y y^itofigcov-^' 
y££<lXS'.#g#£>!,. -W/trtfiJieTaMcOTtC^ 

^ax^Jr-co^^-y $ y y^ni: TT^ftc 7 y- 
Utt® 5 ti* § =5r^ - ^'SrStt^t < 

[00 24] (2) ££04 KC5jrfJ:?fc7y-Btte 
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^-^^y^y^^m-thztb^h^x. y y 

-58111 5 OflgVtf 3 0 A- 4 0 Afi*£»< £ ft 

Wffl»Aa*t^T 4 *y 5 y y^m*s*i« ; k i> 
127 'J -©ttfl 5 coit^-fM *y 5 y y? "£±£.4 z k 

[0025] (3 ) ±fEcoidt3-f^y$yy^-csai 
7 y -fi&ttJg 5 m j. atrte-f * y $ y y J: i> 

IB7yHB^5±tcltJI3ft4»KtOTl 1 fcolBI*) 

&4. 

[0026] L*> 1 1 <DJ&J?£J?< jmtl 

t&fctb. t&m. y v-mtm 5 cr>mm&> Az&miz 

#&<*4. 

[0027] s^mttei UKMttru, 
inessustti 1 1 <r)pmffifrt>mi7 y -atta 5 <n 

fg*7 y -«tt« 5^*^B^aw#c«t-ss« 

[0028] fiUttfDidfc, 7y-JKttl5±fcTa)i 
9£ffMU BUteTaH9<0WfflI^ffloTISait^7'J 

nsHt* 5±(c5t«itii 1 1 jkv&zmm&m 1 2 & 

«fflfcWiBiiIlt=Sr«»l«ffi«^ tSBSt S i k 

[0029] -ec xttmi±Mesmnm&&ffl&i> 
7 y HS^attfl$gg& jtactfr 3 i k . 
mmmhztzmith. 

[0030] 

4. 

( b ) m 1 <osa*§+Tx-/i,£ii lt . ttriem 1 m.® 
wt®mmmizim&6mz&!kzik. mm 



Hffl L£ffrl&7 y HKttEXK. 5M8ttS£»«£1-4X 

mt. ( e ) ms»ffii±c »2K»ttttJBi$^j£ 

■ffcXSfc .(f) &20M8i*T--)VZML. mi 

m 2 s&iae/i t mB^mmmz^m^mmm. 
s-tt. frte®isixiaiA'Huie7y-att€<7)M(i«a5co 

i-4xg. 

[0031] ^BjcoBuie ( a ) xmizmh. m&t 
w&mi. miyv-w.m£±% L mmizkhm\3)>t> 

[0032] mmm&mtf^&mmMz 
£^xM&$tixui. ztih^ma. mtztiizK 

v*WC*4. fiSfcteffl$ircufcTa|giti. 
flteifc^TfHtSrt/W- VVD-Ciff* L<&lr\ 

nTsimtzKtxft&mztiim-r&ztT. imm<n 
wum< x L+tt?mmm%z$mthKib. m 
te ( c ) xmx\ si^K-co^ys >j y?£&m 

[0033] fflcx*/^-c7M 5 y y^ti 5 y >^ 

j/ti^s Lfciwac s y y^*±«>4 z t L*imiz% 

&,m^x, 7y-©ttW±-f^yS'jy^J;oT^ 

[0034] z<?>ti#>m£.y y -«at)f±t«is*i* 

4vlk* ? t'^4. 

[0035] mzmm&m<vmmm<i-z tm2m. 
w&m t m%mmmfflX'%!kt znam&mftiim < 

^rO. !?TE7y-att»«opj|iiS«*5fiHnaMta^C 
[0036] i^«rSE!ftttttfl&»< t * k . MlBSffi 

tti<^)rt«Wii3&»^«e7 v-®.am<7)*&mz£ft% 
mmfttfx yatf r k twti . i«Wj:7 y 

[0037] *%Hjxii, fne5S©ttl^MJ¥^ 5 
5 0At^1-4.Ik* { T'#4. ^ri3, Iuld7 'J — S£t4 

A r SrkWffitttfXtfUaj Lfc B?f£7 y - 

ottJB^iB^^rtajfciAoatfik^, we7y-at 
(Mi x i ngssm) ck-c**. ^ii^wr^-^tc 

[00 38] ±tz. *%mi* WFOXmGi~&Z'c 
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(s) aHR±t, Tfrt>%izsm&JB. m&mm. 
jMt. (h) &i<7m®*7~->v*MLx, frie^ 

» ^s^sses^ 6xgt . ( j ) mi^mmm 

2RSHIM£Bo#*»£l!(4Xgi, ( 1 ) m2nw% 

mnnwmb . y y -wm<mm^mmz^m^^ 
s. 

i o o 3 9 ] tuia ( g ) is-c, ttE*iwafc«ttJi± 

[0040] *««"Bf t> . aM8fMC*&B*m£flyB 
fcft. lute ( i ) XgT\ ffix*>l^- 

[ 0 0 4 1 ] 3 1 fc. 7 U-«tt«±<ill9ia 

i * ^ - ^ 7 y HKtt* #3ft * t ^ 3 

[ 0 0 4 2 ] B«&eB£»WctoW#£ 

[oo43] *m?im§i<t> ft&mmnmm 

[0044] JlfcHfcfi, *f|BJT*«. mE4>nK3MB 
1£f <7)MJ¥£ 1 0 AVXtX' 5 0 AJjlTte"* £ - h flfffi 
L<, J: Officii. 3 0 AtLhT*4 0 A1XTX*£> 

^l, m-Lxtitomimmzshzw. 

[ 0 0 4 5 ] *JWTCIi, MIS ( k ) XgT\ Jfl 
2RSfflttt0tf>+*S££x"l**LT\ ii?fE4«$$& 

[ 0 0 4 6 ] ifz. mffi2Rm/&mn*&&$:£X 



r. ?y nanisms**.: fct^regT**. :o 
. mia7 y -m,a.m<D^u±izmmmm 

[0047] wjt-(±. iriB < k > xnx\ miy y 

o AWTtcts . ttziimzy y -ttttso+asmc 
o AjaTc-rs - a* i o u\ 

[0048] 15127 y -J8tt«»+*aiU:fcJB|jtSflJt 
R3M8fM<3jRJS£ 5 0 AJ2TFC-*-* t . I5IE7 y -18 

9tBtt<ott«tqrt4. it:, mmyv-mam^mm 

o-3ooAtff<-tsh. im^Bsm&JBomw 

xmzy y -mmn*mtmn*i$Rmmco* 
&%mxu3mii£m%tf%£iti*. m&yv-m&m 

t am < . ftm&mzft Lmfffi&vz &msuz& < m 

[0049] mi*mm&m&m<r>ffiM<®mi. 
*<7)±izmi$.ztitzWi 2 %$m&m t ^h^x-wnm. 

WmJBVXilzK&teib. ®M*T--Mz£->Xffi 
127 y -JSttJlcoMfflSgE(± h77? S*Kij (caratH 

[0050] *jwci4, 7 v-m&mizjzz%yx- 
K^r^^g^tcii^ sit . Mte7 y -^ttico 

[0 05 1 ] -t£fc*>, 

[0052] *4 Wi. *JflKH«. JJlT<0Ig*#t4 

w i: $im b ?mmm&m=?cr)wm-mx'h i . 

tmnmx'mm2titzzmmBf$t&JMb. (n) 
mmmmzim&iirmmfttkzit, mi®jm& 

Ub. ( P ) miy y -«fM±fc:!iBatJBat^i 2 5 

( r ) »2<0BWW»r--^JtLT» f?fE3S2R$£IB 
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[0053] *f&BJI<9TiiriE ( m ) XgfcfcttS , lufd^ 

[0054] *mxi> , mim®!&.mtmfcztn<z< 

Mmit$&*£5£#t£*:tf>. ME ( o ) xet\ ffix 

[ 0 0 5 5 ] 4fc . fix^-^^y* »J 

SfcTSiWC, lW8ait8MM<0llflE*W<TS*. 
[ 0 0 5 6 ] ffl£3gBH£ffO]»9£3< -r-s tm2R%i 

& o . lute? y — sB6tt««o^ffliisBaj*-gfiia(cBBtftS3eT' 

[0057] 4£tMSM^<-fl, k , fiMSS 

[0058] *mtVit. sME&ttJf <0!SJS£ 5 A- 
5 0 A izWifetZ Z b tPCt f> . ttff£^260S3i 

[ 0 0 5 9 ] 4fc, tWE£«R<OXTfc±«WW&tf 
TffWWaWt'bfu mS«if?lE£JflScO&l<9JglB5 
fc*fLfi£#fo£S£h.£VVb»9>&CPP (current perp 
endicular to the plane) Sfl«S!Hftai*P*»jaW-$ 
k S fcti. mflE ( a ) xm<?)mlz^ (si) «LtJc. 

TUtH^iaEtiiKtL fne ( e ) xmcom 

( s 2 ) frE*2^E8*»tt*±iC, I>TIE^2C7)S 

*ifcie«w*swi-t-6xgk . ( s 3 ) uie^«KJBfc 

[0060] ttzte. MfE ( g ) Xii ( m) Xg<7)M 
lc. ( 1 1 ) S«Lb(c. TSmSJifcJBritt-SIgfcSr 
I5IE ( k ) X(i ( q ) (OX&cnith^lz, (t2) 
iiiiiESf? 2 OR3fiBKM±t«aM*j£R-r4XSi: . 

( t 3 ) lirlE^BXtc. h 5 v 7mUfacr>*&mzK 
aJSrlSf^ b h £»S L . iflEI&liJf .Rtf 151 Efg 2 



(w«t onoateJBifctaxgk » ( 1 4 ) msmnim 

-f&£k**$f4U\ 

[006 1 ] 4*14, mM ( g ) Xli ( m ) xmnm 
C. ( t 5 ) fflfcJbfc. T**®l£»JiW*Ig«:* 
U mflE (k) Xii (q) eoxgcOftbOl::. (t6) 

**«»jftSiix;iei8««:iaRt*xak . ( 1 7 ) mrta 
?«*'rt+*»£WJ i j&tf£ ttc i *)im*mm-z>x 

Sk . ( t 8 ) KfiEIHI«W]Elt:«iRWfc»a-t6±« 
WSl£»tfW-4XSfc. Stt4it4tffiU». 
[ 0 0 6 2 ] § BtlE ( t 3 ) XgklwfE ( t 4 ) 
xmnmZfdinm ( t 7 ) Xgk buIE ( t 8 ) Xgco 
( u 1 ) 19iEia«^A>f(IEI6IW±fc3&»<tTflls<0 
»K1* jjUjWiXSk s ( u 2 ) fiffElHTOSHXK: 

[0063] 3.fz. C P PSOKSM*ttfi*^coT3raSB 
k*tctt. friE ( s 1 ) XSkluS ( a ) 
ISOTIS. ffilE (t 1 ) XSkfflE (g) Xlt (m) X 
SolBKv^iiUie ( t 5 ) xgfc buIE ( g ) Xii ( m ) 

xs^rat: . ( v 1 ) mMTummmv) v^ y? m>fa 

xmt ( v 2 ) imzTfflwmmrymem&Mn h?y? 
mn\*imwmzimm*mfixnbt:iii. mie 

(a) . (g) ttzli (m) XBtZttlvc. KrlE^ai^ 
0±ffi*«iriE#@MOTBBk «W 4 Hiria^SM 
^)St4C:k*W4tv\ 

[0064]$ <^>(C. sulE ( v 2 ) Xgfcfcivt. ff|E 

5^aia5^±ffik . mzT&mmm<7)mmi%&±.izmfe> 
titzM3S&mm<r>±mzm- j mi l zi- & z t *u >3»4 

[ 0 0 6 5 ] 4fc % miT&nMMRV/XitmilM 

zmmtz zbtfx-z znxuf-t 

[ o o 6 6 ] sr*$. miE±anwji*. ffiE^siSkm 

[0067] 4fc*^T'ti, fflE^ttW4S^^!S 

&m , mmvm!8.tz>zbtfm iw vtmmmm 

y'^7GMRm®S*&VMm? (CPP-GMR) 
bWA,T^l. 

[ o o 6 8 ] 4 tz^mxii. c p pgoasaaaj*?- 
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ItfflHSf (CPP-TMR) fcOf/,TH*. 
[0069] #!&BJ!Tt4, IfrfE ( a ) , ( g ) ifzii 

(m) xmx\ m&mmzm<Bf8.ixi>, +m 
mm±mmt z t *«t# &zt iikmKtctf. 
mmui. m&msmi 3 akllt 1 0 xutx-b 

[0070] XRtyX'li. Mi ( a ) ( g ) 4£f4 
(m) 1ST. IdSHIttl*, Ru, Re, Pd, O 

s, I r, Pt. Au, R h mi-ftlfr 1 S4 fcfci 2 Q 

fiLh-CJgSW-* .r t #$?4 U \ 
[0 07 1] «6*fiMSilTV>fcTal»tt/RBl 

[ 0 0 7 2 ] ttz. JgfflClt. Mi ( a ) , ( g ) 4 
fctt (m) 1ST. WE7';-«tt«S«ttl^3JMI 

ISrCoFe/N i F e/C o F e O 3 JMUSTJBXW- 
&£t#*?4U*. 
[0073] 

[ mkrmmwBm i a 1 & ^ lh 4 *4*«w««stt* 

HflR^ S . 0 1 =5:^ til 
ffl0T£l>. 

[00 74] **^KJ:oT»*Sit6«SWiaj* ; F 

«7yHWM*>*MWH[i (IE»fi#«#) #EMu$ft 
TVvfrv^fc^^fofc^fcjpiET**. HIT 

a. le^^t^^ix-zTffitcw^TffiTJ) 
[ o o 7 5 ] ^rfo\ nm«iai^*^±^c7)i^^ >y H 

ABSffitfMfcT&S. 

[0076] 4fe«»ttaj*^l±» flUfcfTVPS-*— * 
?Vi)->^Y (Al 2 0 3 -TiC) X'B&ZtltZXy 

immfot<r>ftmmtimmx\ ^yvxw^zx 

[00 77] h7v?®Ufotlt. wsmfttzjt 

^xmittftti^mt&mmnffififovz t tj> o . m 
7 o-mtmmmmmma^tix\^'c & 

i o o 7 8 ] iei§i$EW±ia&fcaj&?«ieni£ft 
^ie®M**^!7)Sina^isiii[a^Y^rfi]T^i» . 

[00791 01 fc^-ISTJi. Sffi 2 0±lC. 



SlR5ISatt«2 2. Hsawayf 2 3. 
fMHItmJI 2 7, 7 y 2 8 , J: l/#8H±if 

[0 0 80] + 2 Hi, N iFe^f, N i 

4*2 114, JUtf (Ni M Fe 0 . 2 ) 60aa C r i0at% 

[ 0 0 8 1 ] is- H W -V2 1 0±a2S& 1 R^ffittB 
2 2#%M$flT^I>. S&lR&EBttS2 2J4, PtM 
n££, 4^4. X-Mn (£*fLX(4, Pd, I r. 
Rh, Ru, Os, Ni, F e <7>\,\ftt,i)> I Mttdi 2 

nvikcojzmx'b h ) -&&x\ $> a H4 p t -m n - 

X' (fcfc'LX' {4, Pd, I r, Rh, Ru, Au, 
Ag, Os, Cr, Ni, Ar, Ne, Xe, KrOO 
•ffL*H 4fc<42«feLh«7BI6T** ) ^TJBftS^L 

[0082] |31£$§M/f 22£LT. 

** i sssmsm 2 2mmig$mm 2 

3 a£ffi£gK£tt* ; #T# l> . PtMn^ 
£T£>*Uf, 4 8kA/mfclt, W£tf64kA/m£ 

mthssm&m-^tsL. xashH** 5 7*0 7 

^ V ^'ffliK^ 3 8 OXlb ®J6T a i >flaife * 1 R5$8I14 
V 2 2 W®jm&m 2 3 ^ *>'T 

[0083] ^il^iO^i, ^Mtf^^®T{4, * 
«B'J^Wiiit^*«ji (fee) T**4«. MltJ: 
oTC u A u I fflW»fflS«0ii!&jE*ltiS (fct)(; 

[0084] mi^Mmm22^mn. 8 0-30 

0 ATft* . K 1 RSMttii 2 2 W±t(4, 
2 336gg*SilTV^. ffl^atta2 3J4AX7x'J* 
Jtfci4t<0T*&. Eg)Sttii2 3{4attii2 4, 2 
6 1 -e<0|JBt^&t4^M»ft+l5Ui 2 5 3 SflKST* 

4. 

[0 08 5]KttB2 4, 2 6{4, 0)J^{4*N i F e ^ 
iCo, CoNiFe^t, CoFe^t, CoNi 
-^fe^r £OM£ttftTXftft8 ft* . UttS 2 4 i: ®1±S 
2 6 {4, H-wB«TJg«$*L* i t*<»4 tv\ 

[ 0 0 8 6 ] 4 fc , ftW&VRm 2 5 (4, #«tt»fHc 
4D^$ix.StOT', Ru, Rh, I r, Cr, R 
e, CutO3*>ia4/c{4-rfL^^2am±C0^T^ 

js$<itv^s. mzRukx^xB&ztizzbm* 

[0087] ®ttM24, 26f4, Zti^Kl 0-70 • 

AejST«§^4 . 4 &mtt*mi 2 5 wniKi 3 

A- 1 0 ASSTJBlitTJBJjtSftS . 
[0088] ^riiBl^mttii 2 3 <4iia Itz I ^*^C0 
IKIxtt^S-fiML^ 1 *ffiitfc&^l4±ffiLfcl-vf*T> 
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cmmm^imt c om%a<m&m±m<7)2m 
[0089] m^mm 2 3 <D±ut . 2 
2 3 1 7 0 -mm 2 8 1 <?>wsm%%i£*®±. l . ± 

£*yxmffi* { ±K}»i&S-e£>9. Cu, Cr, A 
&Zbt>W±H\ ftlzCulzi^x&fSLZtL&zttf 

mu\ 4mmm®27imufi 8-30 km& 

[0090] im&mm 2 1 <d±.izi* 7 u -mm 2 
8*wflcSiiT^i. aifc:5^at»«-eti7'j-sBi 

ttfl 2 8 142 ff^2 90Jiti. CoW 

oFe*if*»<?»«:*JfillB»±*r**. i<^£»|»ihl 
2 9 ii 7 'J -Wm 2 8 fc ?HKttttfMi 2 7 OfflSfcS* 
fcRFjtt*. *LT, z\n&mbkM2 9co±t,zN i F 

e £&%t'z^&ztit:wmi®m 3 0 *«$n-cu 

*. 7',>HSttB2 8J4. 3 0~5 0Aa*T»J*$*l 
[009 1 ] 4fcHlXS<0«J:^fc:7y-»ttl2 8± 

&mm 3 1 zmmz. z 1 h 1 ^stai** 5 

[ 0 0 9 2 ] i i -^wttti 3 1 limici o xm 
tt£i\\,z< ^®®%mx'hmmtfh& . 
[0093] *mrcnmt&m3 1 £#A**fflwc 

B&tZ>. Mitf, Ru, Re s Pd> Os, Ir, P 
t, Au, Rhcr>^i*iifrimifdZ2m.V±frL>%Z 

[0 0 94] Ru^t'cOt^S^ffl^-C^^y^figJlt 
5 i t (c J: •) . J; o T BMfcS fit < v 

INSttS 3 1 £ i £> . Lfctfo T#8MtJi 

3 1 omzm< Lxi>7>) -mm 2 8 tf**uM& 

[0095] *S&B|jT't4#©ttl 3 1 £ 3 AULtT 1 0 

AfiLhX*8 At(T«t5 -C* £ . Z vm&VB 
V ^WO^JtStt® 3 lfc 4 - j T 1 7 'J -EttJI 2 8 

IB?**. 

[ 0 0 9 6 ] ,1 ?>4 3 CilMHlTOettl 3 1 

/Mr — TiT oZb tfX'% 5 'J ^MSPfcftfctcit^Tm 
±£•£1. i ^ £ . Z<7) *£o<, >TI40 2 IgTll 

L<f88ji-ri>. 

[ 0 0 9 7 ] 12 1 t^cf 4 o (C££ 2 0 ±K3HBftJ| 3 
1 Urtft, m?)IIi§*7--;l/£J| 

siast'^jias u * 1 ^s^^ttH 2 2 1 w&a&m 



2 3 Sr««-r^lS1t« 2 4 1 Offl££Jft&£ttft£?!£ 
StfT. BMM2 4<&BHfc£05*Y#iaK t&fcVW 

. *> 3 2 6<0BKfctt. 
ttJl 2 4 t ^T'«)< R K K YffiEflsffifc «fc l»3<I^S^ 
C4oTBI*Y#[fifctt^iM:ffl5£Si7.*. 
\m 1 <7)^MaSSr 2 7 0 'C t U . MR<?>±* § Sr 8 
00k (A/m) fc-fi. 

[0098] 4fcUE LtzWi 1 <oa»>|iT=.-/Wc 4 o 

-a "CisMaftntj {t * 7 y -ssttti 2 8 cr>%m&< <m 
tiomii. 7V-mmm&-t^7mt^m7mt 
*fe7y-«tt»2 8rt«(caatLfc 

#^l7t«(i . 7 'J -mm 2 8 <7)Tffl®J i 0 1 7 'J - 

mm 2 8 9y$mwyinf^ < . ten t^#^ja7c*io 

ffl^ltii. 7';-JS14Ji2 8<0«fflA^Tffifc:i6j3tfi! 
(i. SIM S^MffSIII=Sri^MR^b*«J«&*lfrf *S 

mx-mmt hzt mmxh i . 

[0099] ifc£02 (C*1-I«Tli#«ttJi 3 1 c?)± 

ttl3 1±t»f. l^^h«4 9lifffiif U7h^7 

[0 100] iMcU^*M4 9K^frCV>frV^Hi 
tW3 l<?)Mli^|53 lat H|2^-t^EPH^(6]^ 
f>^^ ^-y 5 'J y ^THJ-jTBte-r* (013 iz^t A 

*mtwmm3 1 mzztiz > . 

[0101] @2t^-T>f^ys t/y^igTtt. <Kx 
*;wf-o-r ^ys y/*ffiffl-c#*. -eoa*«. 

^ISttl 3 1 #3 A~ 1 0 ASJK^^»t»V Wt» 
f&ZtlX^Zfrt>X'$>&. 

[0102] iSx^/^'-«o-f 5j-y $ o yytli. t*- 

A^E (jDiSflffi) #1 0 0 0V5k*?M *ytT-A* 

m^4*v^)v?x'hht%Mzixh. mm. 1 

5 0V-5 0 0VOt:"-A€JI* { fflV^il^„ *HSS«o 
JBJRTIi, 2 0 0 V^fih'-AWE^r^^y ( A r ) 
^^yt*-i.S-fflv^v^„ 

[0103] ztuzttL. mum2 1 (c^-ttiatwco 
mmzkixmcztihnx'. 3 0A~5 0Ags<7)Ji 

T\ Tal9 (iK-fbt J: o Ximifi^ < 
^0 . TaK9cOKSti$«>5 0 AfcLBc^-CBtfU.** 

[0 104] ClcOj;^^Ji^JiJf<7)TaJl9 5:>f^y5 

a)i9^li*-r-l»^^% , 9. iSx^^-m^-yS 
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[0 1 0 5] filioT. TaK9tf>Tfc#JS3:fc-0**7 
U-«tt«5iaE<fitefU 7y-BMt«5(C, 4*y 

5 y y*WfcttHS*i* a r £fcW*gtt#*tfggaj L 
fc 7 'J -BNt«tf>*ili*» rt«fcA Di&yU* 0 , 7 y - 

(MixingM)n. Ztlbnyj-^zX-oX 

7V-mmnw$m#tf£{tL*tu. ttz. &5o 

$ y y/TUI* k 5!M^O* ? ^0-rrTllfflWT^< 
&4. 4fc, TattlfflE*4»Cib^6fc, «B*t7 

Bfc*? * k lt t , ssas 7 y -attflwaBttt . 

Tatfi&A"*-*. Ta^AL^7y-iSttJl(i, ^ 

[ 0 1 0 6 ] *W»rtt, ffiX^Mf-tfH *y 

x*/i^-cM * y $ y y/a 5 y y*v- h#il< . 
$ y y ^jLftffittav-i/y t4 £ k#°rttfc& 

HfcS y y^fcihfcS £ k tTO^S . ftot, 7 'J 
HBttB 2 8 li-f * y 5 V y ftz X -> X - V 

**tt&<frt. ftfc, 02Xg£fc(f4'f:*ysyy 
^AUfcSli. ^2 0SHfc^483SWffla»&3 
0- -70° fcaMffiU*. 4ft, -fsT^S'J 

v?<mmsi$m-- 1 o #st* 4 . 
toio7] atrs-c. 7 y -®ttJB 2 8± 

W&m 2 8k 5$fi&tt)l 32k «HWB«R«^-& ( 

[0 108] &Cw|23HI£Sfct. 03Xg"C«. 7»; 
-«tt«28WWfflSB»28a±fc:. 3HKtW3 2. £ 

2 RSSffi/f 3 3 . mm 3 4 SJtffi+TaRticK-r 

fc* 2 £3HKttJf 3 3 OrtlMtflffi 3 3a Rt/Mmm 3 4 
C0rt«a53 4 a(i, Tfflrt>£> -tffltrfi 3 fc LfttfoT 

[0109] 4fei^>3Wl9BJB"Ctt!l«ttJi3 2<7)Tffi 
[0 1 1 0] fS2K&S8ttJf 3 3fc«ffl$*L*««tt. 

m 1 K&sstti 2 2 tz&mzti&Easmmmk m 1 1, 

(?)T'J>4^kaW4U\ 

[0111] 4fcH3C*^-lSTtt. S2^Sttl 

3 3<0iW*t8 0 AULkT5 0 0 AOT^If ^§!J?k& 

[ 0 1 1 2 ] 03 IZijitX 3 <c«SJ|3 4 STBWJBlS 

Lfca, aasstW3 2tfli*-f47ai6*»4,Jir43*attt*f 

3 2 b , JR 2 KftBttJI 3 3 *1tJ*T 4tc«* 4, 

**R»»tttm«)an3 3 bwmm 3 4 £isj£-t4 



4 9 fctt&jfflWfr^fcJfllrVfc 'J 7 h*7T'i&*1-4 . 
[0113] 3 2<i, 7 y-18te«2 8tf>tttt 

tm« 3 0 &i ^ac«[i»it« 2 9 k r timtjiwsii 

4, 

[0 1 14] *Sf3 4{i. Au. W, Cr, 

Ru„ Rh, Ta^k'X'm^tlh. W&m3Acr>W$. 
fJ3 00A~l 000AT&4. 

[0115] afc»2«a»+r=-^tiK-. £«k 
*«a»*i*Ki. hyvtWito (a^x^-[6j) r* 

4, **Ji^*2tfM8«4>r--/Wi. 82<7)6K&flK# 
* . * 1 S^Jiffii 2 2 <033ft»*tt«* J: 0 fc^S 
< . Vfrh mmSifc , 91 1 R&ESttS 2 2 *>7*n -y 
^y7jaSJ; , 5i.ffi<-r4. ;W:i-)tIlSM6 
«2 2<OX8i»*tta*W*l6l*^'f (la^Y^- 
A) fcWtfc**, S2R»«ttB3 3«03aiS*tt« 
^$rh7-y^ifi*(fil (H*X*Hl) (C[6j«t4 rk^T'# 
4 0 : 5rfcm2^»iiSJt{iM^.(i"2 5 0°CT'^0. ?S 
ff^)*#3tt8~3 0 (kA/m) . «itf2 4k (A 
/m) T'&4. 

[0 1 16] H2<omtfffr9HHMi3 2 2:7 
'J HSSEttJB2 8»R«#arXfil«*i <-T4i k 

[0117] znt:ib±M&<rM2 <7)WM*T~-Mz£ 

ix. ^2^mtM3 3immzwm^mi. m2 
Rmmftm 3 3 k%m&m 32k nmizmwtt* $ <r> 

»M#*>mtS . ?f>l:, 3UKttJi 3 2 k 7 y 
-KttJB 2 8 «flii«c k w^tc. 3c^fg5f^ffltc» 
o'<3HStt^*«t. Ztllz£->X7V-®.m2 

1*1) lc[il£$ii4„ 

[0118] ^rfc. 7 'J-HttS 2 8co+*SPDc7)lS-ft; 

ix?c:vmx'h&. 

[0 11914^,021^ SU^ftUf*SlR2 

on®<7)Si£fri6iic*t 1 5 0 • 6 0 • » s y 

r H 1Sr 3 0 ^,50 ^T'tf d k . ^NSEttV 3 1 ifi^ktz 

mizti. 7 y -®ttJi 2 8«o^®*w *»tc«ife*ifc 
«Wc«r*j&». 7y-jstte2 8(i-f^y$ yy^tcj; 
oT**fcr*-^£»«rirtf:tf>s ^fi8ttS3 2k7 
•J -KttB 2 80M{HS§g|5C k Ol3fc{±ji«J^«^ 

L . ^ TXiSff OA# $ £ 3 2 - 7 2 
( k A/m ) iz-fh Z k l>*mfc%i> . 

[0120] 7 y -aei 2 8±(cme§ 

*l4»«tt«3 2<0Bia[*»<LTt. 7'J-«ttJl2 

8 k matttfl 32k o^^sB^w^^ ( %m&m%. 

[0121] 3SIH4®3 2<7)JgU¥£jf<-f 4klS2g:& 
lKtt«3 3 t»Bttt«3 2lB-CI*4-f 4««»^«ff* t 

^ < % 0 » 7 y -m&m<Dffimy&&zmiizMttmfeX' 
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[0 12 2] 4fc5MKttB3 2£i?<-tSfc. 5$8i1x/f 
3 2 c9|*J®H»> t>7 0 -mitm 2 8 *)+ ifeSPD 

V HKttl 2 8 ct)+*S5D ©>WBMHC«f 6®l£<0fi 

[0123] »8tttV3 20>KV £ 5 A~- 

5 0AlcftJ&*4£fca«T*4. £3LT. H4teSSf 

[0 124] H5*^LH8tCwrtl83iIg{±fft2<0* 

I). 

[0125] *-fH5»Ctt. S«2 0±fc. ^- H 
Wt2 1. m%Smm22. H£«81xJf 2 3. # 
SHx*ffiJI2 7. 7UHWW2 8. (fnKaMHIMH 

l . fc,fctf#8ttfl3 l SrStttttR?*. fcllfctt*^ 

•y **a»a&*ttffl3;fu . m 5 tziMWEmm 2 3 

li. WUiC o F e^fc£T#JS3*ifcB8ttfll 24 t 
®ti/l2 6k. ffi68tt«24. 2 6|JBCMEt*Ru«r 

«f«*attto«waui 2 5 1 <o«« 7 x >j mar?* « . 7 

'J -ffittS 2811 CoFe if <0SMM»jhfli 2 9 
tNiFe ^fctfOBffitro* 3 0 k oaWflfi&T* 

a. 

[0 126] is—YVA*?2 HiCrifcfiNi FeC 
r T'ffM L . iHSttfffifl 2 7liCu T'ffM LT 1 1 £ . 

[oi27] *isiwci4SB i wmmm 2 2 &tf 4)iBR 

3$®1xJl4l£. PtMn^ 4fcl4 N X-Mn (fc 
fc'LXfi, Pd, Ir. Rh. Ru, Os, Ni, Fe 

*>vvffftfr 1 feat 2 afcLb07arc*4 ) 

£>&WiPt— Mn— X' (ttlX' ii. Pd, I 
r, Rh, Ru, Au, Ag. Os, Cr, Ni, A 
r, Ne, Xe, K r£>Vvf*u&» 1 ifctt2«ULhW7c 

[0 128] 4fcWEPtMn^kaVWiex-Mn<0 
Pt$>&V4iX#3 7-6 
3at%*5|fflrC2bS.:k#JffaUi. ifc, IrflBPt 
M n ^AfttflMB X - M n (DtfX * $ ft £ & 1 1 
T. Pta>6WiX#4 7~5 7at%tf>Effl-CfcS,r 
ktfiOjir^U^ Wc»eLSrHR»K -T-^-r&ffi 
KH^iJRkTIWiJaT. «J: *»*■*- 5. 

[0 129] 4fc. Pt-Mn-X' 0)&?*Ztlh4 
&&&ivt. X' + Pt#3 7~6 3at9£0>KHt* 
U*. 4fc. mflEPt-Mn-X' tf)#C 
^£ft£-£&£iHvt\ X' +Pt*'4 7-5 7at% 



Mn-X" CD^X^tLh^tZti^X . X' #0. 2 
- 1 0 a t %<50&HT'£> £ £ k *<»4 1 v \ fc*f U 
X' * s Pd, Ir, Rh, Ru, Os, Ni, FeOU 
Tix* 5 ia4«±2Slil±07c*TJ)l,^Wi:, X' 
{40. 2~4 0at%<?)effl-C**)£ik* { Sf4LV\ 
[0130] 4fc*||H^-cttS5 1 R5&8ttS 2 2^jgJ5 
£80 AJ2LLC3 0 0 AfclTOBfiW-* i k L 

«g«<7)jf i *jtc« i R^Ktta 2 2 iMt 
« c k izx m^r--tix\ m 1 K&G8ttJi 22k 

k AftWKfi;. 4 8kA/tnfll. flU.lf6 

4 k A/m CI k 

[0131] 4fc*3fiHj-pji(fi|giR5|gtttJi4 koBUI 
£ 1 0 AOhT 5 0 AfclTCJMW-* -I k t < , 
J: 9*?4 L < (43 0 AJJLhT4 0 A&TTiMW-* . 

[0132] *«MTtt, ^^J; 3 BKaiaittJB4 
1 *»^KiS-C«jS-r &-t IzftWL&tfb h . 

[0133] iJE<9J; otc+IBKaiBffiJB4 1 * 5 0 A 

SrifiLT t , +raS^iS14^4 1 tfmtt$muz< < 
+iaR^litt«4 1 k 7 'J -111x12 8Blfc:%iU§#B{ 

-SSttl 2 8 oa-fb*i , SSHttl 2 3 k PI 1 4 o 
StllS$fL£c:k*^v\ 
[0134] 4fc4»HR»»tt)B4 1 A* 1 0 AliLL if 
4L<{i3 0Aia-hTJBftSit4kLfcco{4. iw^S 

*>Bwa*fr^k. axs-c+iaR»BatJB4 i«oMffl« 

«BC±tlB2Ra!aMM4 2*»«LTt. 

ffiI4 l<?)Mffl!ISa5C*>'R®)ltt(7)tt^^^t>'g|<^ 4, 

r B ra^ixii 4 1 co^iij^gpc k 7 -mtm 2 8<m 
fr^x-hh. 

[0135] ttc®5i:mo£ o iz*mattmm4 1 
±t*a*fejf 3 1 §:ffM-ri. i k t\ n 5 (c*-rm«* 
vxnmztLX 4 1 mitztx&cr) 
zmmizm±x'*&. 

[ 0 1 3 6 ] i i X-im'&M 3 1 <4*«*«(c 4 oti 

kKj: *)imm3 1 *««wBiRaMattB4 1 wswcaA 
ixtBu&tmmt Lx<m.%z£it$-t%^tt'MX'$> 

[0137] *mix'wm&m 3 1 i-s^mx-ms&t 

h> Mftmzli^ Ru. Re, Pd. Os. I r. P 
t, Au, Rhoivfiftj&>lS4fcli2«ELb&>6&i> 
*A«T»jacf* -I k * { »4 U\ 
[0 138] Ru^k'W*^a*^^£#lStt«3 H4 
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i. . 

[0139] *%PMX'\iimm 3 1 £ 3 AW±T 1 0 

AjaTTjBfct* chaw* coea^i^iw 

[0140] *^BBt*(4±IBOi 3 (C#Bttl 3 1 R 
u^t'iOt^JST'ffMt, L*fc#ttttJi3 1 3 A~ 
10A8«(^HfWC»JjtLT^*. £*>J:3KSv> 

*y $ 'J V^IW«taW]t:fioS«fcfT3 i fc#T'£ I) 

[ 0 1 4 1 ] 0 5 teijrt 4 3 fcSK 2 0 ±fc3NKttS 3 

££1<068# (H*Y*I*1) S-EpJuLoo. 

isaa-asas u * i *>£3*astt* i 2 1 nijE&tti 

2 3 Srflhfrf SIKttfl 2 4 1 oiafcxans^aw*** 

8Mtfl2 4««ft«:H^Y*|fi|fc:Hi&tS. l> 

3 -*<0«ttfll 2 6 <mM& , $ttB 2 4 *«C»< 
RKK YfflSf^fflCJ: 4£SMS££J: oTH*Y^[fiit 

niKrisncHssfi*. ^CT^<fmi^s^a^«^ 

2 7 0*CfcU K^c?)^§$^800k (A/m) fct 

[0 142] 4fc_hietfc4 3l;:.. ^comi^S^+r 

_-/Mc4 oT+iaR5H»ttB4 1 iiffitHWSVtfrAS 

mftg&uz< < , 4>iaK3iaittff 4 1 1 7 'j-attfl 

2 8£fMt£8Stt*mS3 0 fc*)HtcU38M££aW 
J4fc£L£n. 4«OTl/f4 ni5 0AWT<5D?fu 

[0143] £tz±Miltzmi?)®M<PT~-Mz£'? 

x. mat* 3 i itt-i-iRuitifnitojKmti 1 * 

fe^xmmmzmz#®%.m&M4 lmmm 
«4. &%mmzffi&t$>7€mt%&B,7£%tfrt 3 ffii$. 

tuSJ4, +raR^«ttii4 1 WTfflMi 9 *><f>l8IK%tt 
tt!4 1 <0«iB«ltf>2r# t 2K , t£itLfc*4IBc«cott 
j£Jtt4. *fSS^S1±S4 l<9HfflA»£>Tffifc:ffl3£fiS 

14. s i Ms»ff«ii^ifTwi8t*i ttnmxh 

[ 0 1 4 4 ] 4£. tm&m3 1 *#jfrf 4 

■e. i5ts#^a7c^* j 4'SR^ttS4 immzt&& 



[0145] &(c@ 5 3 1 nm^fcz 

[0146] H5 fcjjrt-f *y 5 'J y^XSTIi, ffix 
*/Wf-*>>f ity 5 'J y^£®fflT"£ 4 . -e<D3E&4. 
Jffl«a»T^MattJi3 1 #3 A~~ 1 0 Ag*tf)*Mft:» 

{4. fix*/Wp-<0>f Uym4oT#©ftl3 
l)Wlfc*S*u 4>l8IK!fcBH£JI<?)ftftiirC5 'Jy/£jt 
*VS>-f < . flatter 5 U y^ttfllfcrtLtStf*;: 
WWW**. 

[ o 1 4 7 ] 05ig(ci5ttS4- *y * 'j yynjjtm 
*i4. mm2ommt,zft?hrmi}fafrt,3 0 - -70 

B$l§ii$t»~l 0 

[0148] mzm6 iz^i-xmx'H. *ffi%$>®&m 

$2R5H8ttS4 2^±£Ta&£T^)£3itfc4»|fJI 
(SSB) 4 3&j£§|-t4 0 4M4 3J4. $2K3£18 
ttJI4 2£*m*ISlc4oTi!ft$iv5rU4 3t£tft- 
4fc#>tf>itfrC&4. 

[ 0 1 4 9 ] its. %2%.mmm4 2 z*fsimm& 
m 4 1 1 m ^Mftx-j&m-h it^iui. 

[0150] 4^06 C^IgTii, ^2^3$®ttil 

4 2 1 $i5B&imm 4itz& uzBOtmmm 0 a 

fcLLT5 0 0AJaT<OJ¥v«fc£SJ3£, ^2R^ 

[0151] 4>r B »?sttJi4 1 «iiJ?tm2S3$Ett 
B4 2<r>mmt i&i^^mm 0 aull-cs 0 0 
AiaTeawwvwc»*s*ist. #a-cj4Ra!8t 

[0152] 5JtfcH7 tc^lg^i. 4^^«4 3±tc 
hy y^m^m (H^X^TIpJ) (CBf^{0iaiB5 0a*iH 

4. IJKiSllWmfc tT(4. Ta. Ti. Si. Zr. 
Nb. Mo. Hf. VV. Al-O. Al-Si-O, S 

i-oKczimtx-ti. zno*>&fm®x"?A?m 
i3v^t»^4i»u-cwfi«4 4 1 Lxmm^tz 

ki>X'$l. 

1 0 1 5 3 ] 5 OWMi, CT^If +^14 3 

-?-c0i^lffllr-7X^J15 0T-a* > )^^. 1^-/'AH*I4 
LTVX?15 0m5&l<^Pl5 0a£»l£-tS. * 

l^v'xhl (fflTjil*^) ^rVX^15 0±(cfiiaT^ 
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[0 1 54] ^§^«*%BBT1i-7X^ffl5 0$r^^X 
0 art*»4>«as-f HI 4 3£R I E-"W 

'jy^;J:oTH'J0, $£fc+RW4 3T«o*2 
Ra«tt*4 2*^K<0ffi!IiTlM9Stf. 
j^KT«0*2R3*«tt*4 2^HJ?fc+SR3HKttl 
4 1 cDMWSr £ U&gfHW 5 0 AJilT£&4 * T» 
2 R&58ttl 4 2 r#J 0 &tf £ i: t ± 0 »4 
L<tt4 0AWTT**. -£3Lft^fc. 4>S53$mtt 

14 lO4HWD#R»a»<0ttK*«l/tL*V\ & 

*»D 1 7 "J -KffiH 2 8^4^D|8r«8ittS£B* 

tm&. i . ? y -bhbi 2 8 w+jfeSD <o«ft*«aiiik: 

[0 15 5] 4fcv^^*5 0«0HPB5 0art3&>/i,Rai 

§*i"Cv^+iaR3fi«tt«4 1 *-js««gL*m*L 

[ 0 1 5 6 ] H7 fcfl^J: 0 iZ. m2SMmJB4 2 

UfalZffliO&tiimX'. 3fS2R&ffitt«4 2<0|*lllJS 
354 2 a(±fflg2 OSEMfcitLSfflarifi) (H^Z^) 

3S2R3l«ttJg4 24>TMfc^S*lfcJli-Ci3i|9iitr 

tz» iw&fifot Mmwfmzi&K < ats 2 0 « 

Ww*]-r«,ftjgE*«8 0 e -9 0' ) tJBjfcSftfcttSSt;: 

[0 15 7] &gffl£iffl7ajjUIM*)J:3(c. 

15 0 5 0b Tffi*^±ffi(C[6](t® * 
13165 0 a*WSiliHB^ft®-Cm$^T^&« 

^2K3s©tti4 2^rtiisaj4 2 a hmmmh 
[01 58] vz?m5onftwm5 ob#mimt> 

PB5 0 aflcDb^-y^H^ifi] (l2^X^r|fi]) *Jyfrt& 
ttTBSCrtl 3 li if 8K & ->TV K . i h77?l 
M. VX^J15 000^5 Oa^HiDt^^^h 

[0159] *fc££4T1W9&tfjWiffirc*Sj&i«. 

fct7';-atw28<o+5«a»D±t^aBittt* 

ST&4. 

[ 0 1 6 0 ] JJELfcR I E^4 S 'J ymgiWI 

TL^tt, *2«a»4»r--;i'*»t. zntzcom 



«totffi<-rs. i<itjtoTfliisaia«!tJi22«)* 
fc * 4 . ^hrsmji 4 1 <moftmcff)is&mim 
# s . 2 <wmwMmm*.\i 250 -era 0 . 

$#CD*#£<i8~3 0 (kA/m) . #J;itf24k 
(A/m) T*4. 

[ 0 1 6 1 ] *i>, g 20EHJDlK*lr^S8ttii 3 2 1 7 

y -mm 2 s oR«*ai/«BWj «fc9*£<t4£i: 

*fiU\ +H8R%&ftJi4 i«owsiaa5C(i. * 

*>.L£#Jft3*l*:SS 2 RSS&ttl 4 2 t fln-CfUkti 

^4*><b, £0»20«*t>7--7McJ:-j-c, 
S$iKttl4 l^WflWi5CttaHiMI3SBL, (tyBIKIMB 
14JI4 1 COPWSPC k 7 y-$ttJ!2 8C0WM&SPC 
fc«0^tc^#^3^^«#^m-f4. ZtHzX-^X 

n (a^x*i(a) ta€$ft4. 

[0162] 7 y-«ttJi 2 8£0+*gPD±(Z{i 

L1i>M®£ixX^£\yfrt>. ±Ml<n&2cr>W%$>7-- 
MzX-oXh. 7'J-»tt«2 8^*SI5D±tJgjSS 
iifc+iaR5fiSBEtt«4 1 ^+^D{»J^W-f\ 
*Hrafi«ttii4 1 C04>*3RD fc 7 -igttJl 2 8?>* 

Diatc«3S3fttS'&8t#*%^-ief» 4 v mmiix 
t> znmit'hz < . 7 0 -m&m 2 8 ntt>&&Ditmm 

!&C t nUiZ h 7 y 9 Wito t SftffltlB^ $ tl 4 1 U 

oJt<nfca s &v>. 7u~attB2 8«*jfeaD» 
mifhzttfX'%&. 

[ 0 1 6 3 ] 7 U-«tt«2 80«f*»D<?)afl;(4J1« 

®r&4. 

[0 164] 7 y-«fiS 2 8cO+A»DJb«0* 

IBR!MB[ttJi4 1<0|RWi. 5 0AJaTT'l>4«0T\ * 
BBR5fc»ttJB4 l^-tyx«aE<^a*^<i-4; 
?8M^ai^OlS#«ltb{i}^$:lSl±$-fr4«r 

fc#T"#4. 

[ 0 1 6 5 ] 3 totwtrii, timiz&Kx 7 u 
-asMti 2 8 comftstmzmsitz'fi dzttfvz^mh 

jtt4^t^'T'#4„ 

[0166] 4^I^2cOH^4>7--;H:ll6Ig 
Wtt. t=5rib*>^R^iai4jl4 1 Jitc* 2 RMfiBettfli 

4 2atf«fiai4 3tjaa«Lfca, jgL-ctiv^ 

4«^. 4>raR^Stt*4 lttfH2S%8tttff4 2*>*a 

^2«»i+T--/i/-e4'®R3saitt]i4 ltiMBO-fi^ 

H L . *^R?ilS14il 4 1 1 7 y -KttS 2 8 i <7)OT' 



(a4>)03-1 792 84 (P2003-1 7JL8 



%$3m£wm*£. t . -a. 7 y -w&m 2 8 £ 

7Xm.X\ *2R»BS»fel4 2«+*a5D^JB2R3l» 
tt®4 2Slf+iaratKtt04 lwWH»DSrBi|Oatf 
ZbX\ 7'J-BMMi2 8«)+*«D±lC«W3*ifcR 

-figttJl 2 8<7)#*aSD L^WUffltteWV* 
OfttcSi S-t #T'# 1. 1 cot #*. *>*U . 
[0167] 0814. «SBi4 4<OJBlSXS*5rf-I 

SrEH"C**. 

[0168] m7fc*i-?z?m5 0tfui;xh%k\ 

[0169] 08IS(C^J: o fc, Jft2£»attt«4 
2 19010184 2 b frh . S A> tCJB 2 4 2 <0- 

2brtfcW*U^M5 lfcftJtTi in. -eLTb- 
h M 5 1 fctlT VVSrV-kflS 2 KSftftttJI 4 2 ±fc 
Sffi*4 4£j£RU l/yXM5 1^fJ, iii 
tio-CSS2R»«ttJB4 2±tC«»l4 4*»jS-e# 

[0 1 7 0] 07XgfcltSVvt, fS2K3l8ttJB4 2£ 

«kk *m*-ts 5 y y^Ucfc §(4. H9 i^sft 
imswiftmTtimbtii. *m%jm\tm4i 

Z-ti§mL£X'mi;t& 5 y yr$ft->tzb£ tea, 

1 0 1 7 1 ] 0 1 1 fcn U2 1 3 tt*ftBg?>18*tt*ai% 

^osss^asr^t-igiat'^^ . a 1 1 &n m 1 
mmxhi. 

[0172] 01 kmtxnizX^X . »E2 0±fc. 

*lKHSttfl2 2. B9£BttJf2 

3 . immtmm 2 1 . 7 y -easi 2 s . a j 

[0173] *f&BJTT-t . 7 y -&ttJi 2 8±te#mt 
H3 1 mmhz.tx\ m5iZ7Frmm#ttm 

[0174] zzximm3 utkssMmz^xwt 
{kztiiz<^m%mx't>hii5mms>. 

[0175] *JM8Tti^SattS3 1 £#£ST«-r 
SftfttjWi. Ru, Re. Pd. Os, Ir s P 

s&mx'&i&tz z 1 mi lw 
[oi7 6] Ru%t'<?)%&m}*e>%&4m&m3 in 
*snmmz£^xMit$tiiz<^i&®%mx'h&. Uc 



ifi^xmatm 3 1 <?>®m *m< tx t 7 y -satti 2 
a. 

[0177] *mx'\m®m 31*3 Aatc 1 0 

£ fc U >. icOSK^jS^fiDf 
fi^NKttB 3 1 t,z£->xi> mmz 7 y H8tt« 2 8 
sagci -?Tiwks*ts«)S: mwiz®±t& z t m 
mx-bt. 

[ 0 1 7 s ] zcox 0 m^mx-im&m 3 1 m& 
itzztizzixvancoj ay $y vywmkwwz 

Ri£$!,iz'fjoZktfTZ h<nx*hh. 

[ 0 1 7 9 ] 0 1 1 iz^tx 0 {ZW&.2 o±.&mtm 
3 1 iX'CD&m&mm tant. m 1 ^«*+t--;p* 
Hrf. h7-/7liTw (H^x^risi) kasrf&^fi-c 

$)SSlcO)S^ (0^Y*|*i) SrEpjoL-oo, ^l«0.fi 
«fflliBKT«mMI t . % 1 (0S!fe8iM 2 2 t S^att 
12 3 Sr«jSt*8lttJi 2 4 fc ^StC3^fe^iS#&^ 
, mffii 2 4 fiOIKfl:* SK? Y*|6]fc:a^t* . 

t -5 -tnm&m 2 6 oawfcii . ®/m 2 4 1 com?® 

<RKKYfflS^ffltCj;S3a^^tct-5T0^Y^|6i 
?:270'Ci:L. »ff«^3«:800k (A/m) 
[0180] 4fcJt£ L^® 1 0«WW»T--/W= «k -5 

7y-ffitti2 8rtgB(c*£iisrf4{><ofc#^(5>ns. fi! 
-5 Tamraattj »t ■& 7 y -«tti 2 8 to^ffiis< ^« 

J£tg£«2, Rtt«ttJiifllJftt*5aRi:*AJl7E*k*» 

i^7y-«tti2 8rt«fcffiij[Lfe# 
s 7 y -Ktti 2 8 otmw x y 1 7 y -js 

fiEtttt. 7 y -1114® 2 8<0«lif*»4>TiBfcrt 0 iztit-o 
xm^lzMtitfykZl^til. Z<?)*o%1&j8S®i 
tt. S I M S^ffilS^fc'SJSO^fflsRSr^-rSII 
■TWB-f 4 C fc **WC** . 
[0 181] at. ^ttS31«0^ffi^«cSr>f3j->5 

[ 0 1 8 2 ] m 1 1 t*-r-f *y * y y^xsrti. <g 
a. mmx-im&@3 imx-iokm&^m 

1 3 1 7 y -smm 2 8 y y 

[0 183] HI HS(Ci3itl)-<*>'Sy>'^ 

oAitftS(i. s«2 omsttti-imtfrmfrts 3 0 
• -7 0- lztzztmm\ Zti. 4*y$.yv 

rmsmmm 1 ftwuxh & . 

[0184] mz® 1 2 (CjjrTXgT-ti, 7 »J -Vt&M 
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2 8±(C. 7»J-»ftJi2 8<OBffitm«3 0*ft^i 
KU $4>l:3S2fiQH8ttB4 2. Ta^hTM^ 
«4 3tt. »2RK«tt*4 2*;*rfM«fcJ:oTBffl: 

[0 18 5] $rfc. fl!2KSIttttV4 2»fltl«>Kaiai 

2 2 fc r ttt nx-mm tztmtiw 

[0186] afcH6(C*tlSTIi. 82S&8&14S 

4 2*>JUW#8 0 AJJLLT5 0 0 AOToJf V^BBWCt 

[0 187] iXt. +PW4 3±fch?y^«*|*| (0 

■cjbjs s *ut ? jb 5 o * mm h . gsE&mm t 

LTii. Ta, T i , Si. Zr, Nb, Mo. Hf, 
W. A 1 -O s A 1 -S i -O, S i -OtcttWRX' 

cut. -?x7m5ozwMxm.mzi>\\xi>z?)tim 
ixnmm4 a t \,xm&% -£ & z t t -c# s . 

[0 188] "7X^15 0<0»tft{4. Wiftr+HW^ 
*>+**J:fc:US>;* Ml (H*L$rn) SrATTfct. 

m% i x -?x 9 m 5 o \nff\%fflk<7m& 5 0 a i mm 

*. fc&VWia«4 3±£tttev*?J|5 0£JBj£L 

O^RI E&fc'-Cffl-oT. 5 0 l3Jf£ffi0>nM 

5 0a . 

[0 189] **Ui*3WB"Cttv^^Jg5 0S:W^ 
hfffMLTiJ:l\ -7^^®5 0^PB5 0art*^ 

mm-rt^m4 3iRiE^^y^uynzx^x 
m <o . $ *> iztpmm 4 3 t<o m 2 gsfe&ei 4 2 aus* 

ttttl 4 5 *ffl 9 &tr. 

[0 1 90] 01 2tc*tJ:3t;, SI2R3UBttJ§4 2 
8. »R2 0*lBt>ftSiS»|iii4fc(iS«*|6HciSv^ 
*ftQfcffl0ii*lt§O-C% ^2R^JSttffl4 2fiO[*]« 
&4 2 a(iS«2 0 Wc^taE^ffl] (H^Ztffll) 

Sg2K3fel8ttJl4 2<3T«K»l«3itfcl*riW l )&tf 
fc^fcli, M9£**ifc4fl^Omii^2 0£iii 

[0191] &fc<rUff@l 2<?).i±f|8MC0j: olz. -7X 
?M5 Q0>MffiBl5 0 b*\ TB*»<5>±®K[6j^^ 

(cisni 5 0 atffctfZM®m j $>m&mx'&f&.zi\x^z 

£2K9ftBlttJ|4 2 a fcffitHB 

[ 0 1 9 2 ] IX ?m 5 OOftlffl^ 5 0b #ta$D5«f> 



H5 0artcob7-y?^f6) 0^X^1*1) ^(Dgitfe 
ttTffi£|6j 3 <3 < % o T V* < . I«fcftN57?i 
Tw?-, -7X^Ji5 0W^5 0a«JiJ:»5t>$4>t:/h 

[0193] ±tet^R I E^f * >• $ 'J y/IgA^ 
7L£flL *2WSB»+T~-;l/Srjfrt. i<Ofc*tf)fflt 

;<o»2»««4»r--;wi. »2«ettnBit**, mi 
ssiR5aattJi2 2^yn-y^^ais 

10tffi<-fS. £*i£J:-vtgSlR3Maitt«2 2tf>X 

1i.it ^ £2&%flttt£4 2<Op««a5C<OX«S*tt 
K#£h7-y?(Efr|6] (H^X^I^J) tC[6jttl> 

&*. **j»2(?«kaiaiaK«OTitf2 5ox:T**), 

$«48-3 0 (kA/m),fe|f24k 

(A/m) 

[o 1 94] »2ffmmmmmM3 2by 
y -utta 2 8 <7)K®.#Rx/m£h <-?zz\t 

[0195] ^cr>t Z }hlM^2<mM^r--Mzii 
•51, ^2^Htt«4 2(i5§«tJIIiJ'fb^®L. ^2 

R3s«tt® 4 2 tm&®m4 5 1 <m£*9)tt$ $o 

23ft*6£«#**$&£-f 6 . $ 4> t . ttttttJS 4 5 7 y 

-jstt« 2 8<oMiJssa5c <r>mz. ximzitmizm 
8 commie omitn. h?<y?**to (bk*x# 

[0196] &fc s 7 y-^ttB 2 80>t»**DWBMk 

[ o 1 9 7 ] a 1 1 isr. 5 y >?ft%zwm 

2 0afficOSK^"(6jt^t5 0° s 5l>y/ 

B$^$- 3 0 5 0 fmf-5 t . ^Kttl 3 1 

. 7 y -i^ttS 2 8 W^ffl^-f^Hcffl^n 

tzmizftitf^ 7 >j -KttB2 8<4>f s y y^ic 
7 y -jsita 2 8 <7)i3offl$g&c fc costtiisw^mtt 

«f^»tU. £&AM7xm#tf)*#££3 2~7 2 

( k A/m ) iC-r^, d fc t . 

[0198] 7 y -fiSttJi 2 8±t«l§ 

ix&3SlKtt«4 50)iif^ T I<tTt» 7'J-«tt«2 

mum) 

i o 1 9 9 ] &®.\tm4 s<nm- m<-th tm2^m 
m&M4 2 tmmm4 5ffiX'%±thx®mik®Rtf 

»< * "9 . 7 y H8ttfl«OWIB»S*iftBfcBHfcH5rc 
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[0200] &fc!ftKttfl4 5 £&<-f & k . IMK&I 

4 5 ^rtfaiffllM^^^ y -mm 2 8 ^4»*3BD fcjfefl- 

y -mm 2 8 <?)*mDmffl&mznt&®mm; 

[020 1] *3MH-Cfi, 5§6Btt/l4 5 <7)JBIi¥£ 5 A~ 

5 0 Afci£5E-f!> C k #Tt* I, Z<7)£ 3 t*38WT 

a. flattest 7 y -ssttJi 2 8<m{&m*mvnz 

[0 2 0 2] H7fc^^X?«5 0an^'Xh55:k\ 
?«5 0£|*£Lfc«L Wi4 4&£l2K&Sttt«4 

[0203] «M4 4 k#Hu ssist 

*t J: dfc. &2K9MI1&I4 2®«B4 2 b*>^>, 
$ &£g25§Mgttff4 2«0-gS<7)±ffifc^-CV^X h 
■ 5 1*»OT4. ^fcPBlK4 2b|*HccOAU> ;: XM 
5 1*»*tTt)J:^. *LTUx*MB5 1(c|fcbftT 
V vSruK 2 KSNSttS 4 2 ±(C*ffiB 4 4 *£R t . 1/ 
^*Xh«5 l£#*-fi>. i#tfci-5TSl2R5j!att« 
4 2±(2m®i4 4 £ . 

[0 2 04] ±fS=&H££$£T, mi3lZjfkZtim% 
ZbtfTZZ. Hi lfMtfvs 

y y^am &68ttii4 5 *«■■&-? 7 y -«&■ 2 

8±fcE«Sf2R5Satt«4 2*fiiaL-CtJ:V\ 

y -mm 2 8 t4i fcfum'W 7xm% 

14, 01 3fc*$*i*fl|»1*ajS^J:9Mv&<fcS 
tf, *tl?t>WHtCl 6 (kA/m) 8**>£»A'>r 

[0205] <Kfc**D!fciJ ttS 7 y -««■ 2 8 <D» 
■fcov^TRBW"*. Hl&v>LHl 3T-f4, i~KX7 

y hum 2 8 (± 2 ■ware* o , ^mttflfw 2 7 1 

mtZ>m<nmi)K CoF e^C o&k*<0&Mjji]Ji2 9 
fcfcoTVv&. 3 0<4N i F efrkft'cnm 

[ 0 2 0 6 ] 7 y -mtt« 2 8tia*»f m»ST«lit 

SftTWCtJ:^ HHBTOkl/CUN i FeM. C 
oFe^i CoFeNiM. Co, CoNi££& 

F e N i £&T*$fi!tt & Z k ifflt l\\ 
[0 2 0 7]H14«4. 7y-fi&ffiB2 8f>8fl#£«N> 
tca*tfcaMMfc«RB!HT*S. BHBttfttHgfrka 

[ 0 2 0 8 ] H 1 4 tC*^»KTIi 7 y -mm 2 8l± 

6 . 5 7, 5 8»*Wi**Tatt*m<0«"C* 0 . B 

mm 5 6<4, im&Mnm 27 1 nm-xmomL 



C o Fe^Co^^'tM^I. „ 
[0 209] »tt*m«58tt. &BS44132, tMBR 
&Bttfl4 1. afctt3HKttS4 5fc«LT]Bjfc$*VC 
^S. 014T'H5fi«tt«3 2fcftLTV^«»*E|jF 

[0210] Mtttt«/f 5 8(4. CoF e£&T'ffiM$ 
ill. i k tf#t U\ H 1 4 tc^-f 3 M£<7)tf SOffi 
LTJ4, «itf«tttm«5 6 : C o F e/M 
ttttfW 5 7 : N i F e/»fBf^B5 8 :CoFe5 

[0211] tttt*ro*>»T3ajc3*lfc 7 y -BfflH 2 
8 ?)j£JI}4 3 0 A- 5 0 ASKf»«S ft* £ k tfftt 
U\ £tzy , J-W.&m2 8lzMm2tllCoFe&£ 
WffljSJfcli, 0UtfC o#9 0 a t %, Fe^l Oat 

[02 1 2] hi 5i4. yv-m.&m2 8<r>mcomi>m 
m^-t^m^ummx-h^, hi 5^1-7 y-js 

tt*2 8tt8W7iU«]ti:iWr*i*aBttT**. -ft 
tC J: 0 7 y HSStt* 2 8 Ofljatt&gA < -r 

* £ t % uz, wsmzmmy y -Mwswfmzm 

*. 

[0213]#^59. 61 ^■JifiSMMlTA 0 , fipf- 
6 0 (^■{±^Hatt+IBI«"C > ft S . Hffil 5 9 *J ilffigtt 
■ 6 l«i, «?l^tt'N i Fe^l CoFe^, CoF 
eNi^, Co. CoNi it&ZWWI&mVBA 
$ftl>. I «0 3 ^^ftCJKttS 5 9 7t i4$ttl 6 
1 14, C o F e N i ££X'Bf8.ZtlZZt1)Wi U>. 
ffl^ikt UT(4. FeMat %JiLht' 1 7 a t %W 
T. N i #0 . 5 a t %£ILT 1 0 a t %WT. »>9 * { 
Co<Vat%X'h&Zttfm U\ 

[0214] Clft^J:0fi8ttS5 9, 6 1iatC«<RK 
KYfflSftumcJ:*tS£Kff£:*$<T'&S. 
{4Xt°>-7D.y7Ta^ (Hsf ) Sr^2 9 3 (kA/ 

m ) tuiic-cs i . &±tz£ o . mm 59t mm e 

$fij£eBl*re£)£k. 7'J-«ttB2 8fi0KS&-3x 
1 0" 6 H3xl 0-*<?)mftft\ l ZW>Z>Zb1) i X'% . i 

fcftayj * 7 9 0 ( A/m ) iUTK'hS < -c* s . 
[02 15] 7 y -JSttS 2 8 cO«C^#ttcO 

|6l±. ^MSttttf««2 7^Ni <7)KiJ;t i SffifiSSfl: 

a (ar> (ar/r) <mmnnm£® 

mzm&zt-m&x'hh. 

[0 2 16] t&m&*iaJ§6 0(4, Ru. Rh. I 
r. Cr. Re, Cu<Dd*> 18^^(42 aJJLbTJgjS 
$ftl>-k*^LV\ 

[0217] mm 5 9<ommnmiii3 5 xmmx\ 
im&*mm e 0 \mm 9 kn&x\ mm e 1 <?>m 

[02 18] ±EUfc7y-8Mt«2 8*W«7x'J» 
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U 01 9l^ti3C, «f»*»D?»ttB6 l 
flWtf iifctf**. <Iit£J;>5-7y-)8ttB2 8CD 

+*» d 7 x y ma-ciifr < , «&<os8tt so* 

«ttl28^WfflMM»CT{i«*7x!;fll3tk*0. - 

y-r -r y^oft&fcHKM fc**?* I) . 
[0219] SfcBttJIS 9 k?NStt*mJ12 7 kOd] 
fc(±, C o F e £&^C o T»l«$<l/StelMeifcJi3&«K 

W-MiTWCfcin. $£>£«:, EfcttJf 6 l k^fUKSS 

ttttJ|4 1 HfcC o F e^TffM^^Jtlitt®*^ 

[0220] «tt*5 9Atf/*fctt«tt 

16 1A { CoFeNi *ATJEWS*l* t% , C o F e 
N i £&<7) F e CDiffijftJtti 7 JS^ %£LhT 1 5 

[022 1 ] ItilzX 9 68141 59,61 HrCfc£** 

RK K YfflSfffflfctsJt&SSttS^afli S:!8<r 6 £ fc 
**T'§4. JWfcWfcli. Xf>7n 7 ri|t{Hs f ) 
£ft>293 (kA/m) fc£T*#<-f 4-Ik#-C# 
* . J: oTSBttl 5 9,61 WBMfc*3i«tcRTff«« 

[ o 2 2 2 ] 2 fcijebfcfij*s«j-e*s k , 7 y - 

mtt/B2 86Di&^£-3x 1 0" 6 H3xl 0- s W|iH 
rtteJDW>*£fc#T*, *fc&BC&£7 9 0 (A/m) 

m#ttor6]±£04 i k **t & 4 . 

[ 0 2 2 3 ] 0 1 6li*$&9!(Cfcft4 7 'J -KttJf 2 8 
^flO^^Ti^-a^Hfi^BfffiBlT**. HI 
7 'J -81141 2 8 «i, !8f4ffleH6 2, 6 4Bt^ 

fcli, 01 6tc^1-ctat:XPfigS (tf>*-/W GaWg 
«S<iTV^Tt)J:lf\ ££01 6 tc5rrHit»S|-CliX 
1* x 7-M ( MffiRltl ) 6 3 £ J&CfcTSttl 6 2 a 
tfBMl6 4tellWj|6j (^BWiSi) CBHtSfiT^ 
4. 

[0224] B£t4162, 6 4WiNiFe^. Go 
Fe^l CoFeNi^i, Co, CoNi^i: 

[0225] 01 6<O t k3fc*'^fa7-&6 3a*7'J 
-ffittl 2 8 rtfcMS ilT I >S k X^f a5-!6 3 

^ ) Ji, ^it'7.h'>-4t® (x*>Mf-, JfrPKSMr 
k*) *fi^Ufe*i«iBRIrt-6. -f-LTMiBRItUfc 



-mmft zm o 4 ; t a*rrfgi;:&4 . 

[0226] £0te*>*JWrCtt, x 7-M6 3 

£m-t%ZbX\ 7 -/ 7-X t'y^^ofE^m^T^g 
*ffS A • fctBfctefl/VCtttf k AfltfiSKfr 0 , i 
-d T 7 -/ ~TX £ y £ ft-3<£3| S *ff n A 

♦ k , ?'^>-xt'y£^fs#^<W3giirfTlSA- k 

con*r*§ < 1-4 - k , & ~>xmmtt.m ( A R 

/R) 0|6]±kkttc, S4aj^<0i^±*EI6Ck*«r 

[0227] 7.^jt7-^6 3<mmt, mnm<& 

M6 2£X'£fSmi. WXSJa6 2$m£1Mfct?>. 1(7) 
IHtJIfcX^* .3.5-186 3 k l/t«ffi$-fr4£k#T 
£4. ZlTX'<*j.y-m6 3±lZW&m6 4ZtiLm 

•ti. 

[0 2 28] X^*x 7-1863 tf>#frkLTli, Fe 
-O, Ni-O, Co-O, Co-Fe-O, Co-F 
e-N i -0, A 1 -O, A 1 -Q-0 (ZZX'QH 
B, Si, N, Ti, V, Cr, Mn, Fe, Co, N 

i*^sissn4iaia±) , r-o (^:t'R(ic 

u, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, 

vrfrbmUZti* lSJJLt) olHMk a l -n, a ] 
-Q-N (iiTQ(±B, S i , O, T i , V. Cr, 
Mn, Fe, Co, N i frt>M1R2tl& 1 «2Lk) , R 
-N (CCT"R{i:T i , V, Cr, Zr, Nb, Mo, 
Hf , Ta, WA^StR$il41«W±) <omitm. ¥ 

[0 2 29] X^*3.y~m3*X^v9tfmthk 

wi*«s«2o«aie*o~ioox;ku ««k 

2 0k**Wf A7-R6 3<0tf^^-7* y 

5:1 00 — 300mm!: t, Ar^E^ 1 0" 6 — 1 0 

-3Torr (1. 3X1 0" 3 -0. 13 Pa) ftl. 

[0 2 30] 01 7Ji*»fl^*i»tS7y-»ffiI2 8 
O^i|c7)^5*ta5»fi£^»fffl0T'S)4 . 

[023 1 ] 01 7t^-f7y-&ttl2 8J±, ®&M 
6 S&imwm 3 2Uz^v? YM6 6rt«£*lT 
^4. A^^KH6 6ttffl|itfCu. Au, Cr, Ru 
&kTffM£ft4. ©14^6 5(iN i F e£&, CoF 
e^, CoFeNi^l Co, CoNi^-^k'CO 

[0232]A,;K166 £ k (C i o 

T , 8W0Stfa»«t:»4-*- 4 7 -y 7'T. h' y^fs^mi 1 

(±r6]SXty:u P sp i n) (iiJ(t4 :s F^gifi : 
ilmean free p a t h ) L, V^(^> 

§xey7</^-M(spin filter e 

f f e c t ) izz nxt'y^uymm^m^za^x. 

[0 2 3 3 ] ±&Lt:m*<nmm5M*iii*FF 
(CfcV^T, H£aatB2 3#JjUi<^)5lfiBttt«1EtJBkUT 
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[0234] *%PJXDW$ffiMim : f-&m^XW$H'\v H 

[02 35] t^T01&UL019T1i. 

•y^«*iaj (BRSX^ifii) aHGflttffiC. C±£1WWI 
. 33, 4 4*<RJtA>*L. 1*5/133, 44*^ffifIE^l 

TW&#falCffirt6C I P (current in the plan 

e) mm&wi&ww&imimiLt:. 

[ 0 2 3 6 ] -2N 02 OJaBT»HH-rSffi»«ai*T 

«IO*JI^BIiB(C*tL#iff*|SlCaaiiCPP (curren 
t perpendicular to theplane) SOSS^U^fctS^F-CO 

[0 2 3 7] £1\ 02OIgTti, BK*L*V*8Lb 

tTWs/-^ YmzmmtiTummm i o * n i f e 

[0 2 38] TaS®i70±t^ s^-HM 

t2i, *i«RaiaflyB2 2. ^\<migm.m2 

4. fttttfrttai 2 5 . «2WfflSKttJI2 6*»6*4 
yy-fef-f7?7i'Jfy HS^HSKttJi 2 3 . ?H8 
tttffiJi2 7 s 7'J-«tt*2 8. #«tt«3 1*-C« 

4. 

[0 2 3 9] SSl<^R38«ttJi2 2, ft 1 0)ffl£ttf&| 
2 4. #^14*0^2 5, SI2*>ffl5g»ttJ12 6. 
tttffl«2 7. 7'J-HH1S2 8. im®l&3 1<3«8 

fret* i. 

1 0 2 4 0 ] iJ«c, « 3 1 ifcTltJf $it*:£Jf J8 

£ft i o&H&ttaL ^ mv^/ssi 1 $ <r>m 

M2 2tmi oHjaattt* 2 a t ^tjegmximx 
zmiZit. w£mm2 3<?>t&it}ift*m*Yijftiz 

Hi&t*. *£te?)#JircfcL IJ^ltf)«R«yiaJK* 
2 7 0-C. mRcr>mi<D±$Z£80 0k (A/m) £ 

[ 0 2 4 1 ] mz. 02 1 t^Sfl-S. £ -3 (CjfHRttfl 3 



U5>*h*4 9*«WW-*. Uy*hJB4 9li, 

S3 DC0fgi$£?Idic7) 

[0242] *Itti31WUy'XM49(:S 
Jxh-T v v$rv . -f * y 5 U y 7*(e J: -> T^£Kffi 
^T7L»HKtt*2 8HiajS-ii-S. ^^^y$'J> 

h. 

[0243] f5iBLfc7yH8ttJB2 8*>PiM 

SBSC. C±tc»S8ttJi32. 3 2. ft2R3|«ttfl3 
3, 3 3^^-y^{Cj:oTa«iaBM-S. 

[0244] *wirctt. ffix*/Mf-?M jj-y 5 y y 

T'fc J: ->T #&tt« 3 1 »M« £ t t . ttx*/u 
4f-<o>f *y $ 'J y7ii$ 'J y7u— h#il< . $ yy 

tc. #ttttl3 1 £4 i;y^^Mi*UfcWiafc:5 

@2 8144 *y s y y/tci -9-C**$r*0<-2>*Wt 
02 3XStti»tS>f 'J^O 

Aiwifttt, 4m&W3 imizm-i%MHftfrt>3 
yyommmtm^- 1 o ^st-j> t . 

[0245] itfOfeft. <XXST, 7!>-ttttJl28± 
JCf»*S*l*5S«ttJi3 2<OiW*»<LTt. 7'J- 
Stt® 2 8 3 2 k (?)ffl<r)WSa>tfi)%m£ ( 

[0246] »2S5fcSKtt«33, 3 3 *> h 5 >y 7(i^ 
|6)PbTOW2(4. l^^*XhB4 9<7)J£E4 9a«0h^77 
l|S^"(fi]O(i , t^W2J:07<#V\ l/y'Xf-4 9|j:ffltt 

»3 i^^mmmmmtz^mnmmzm'yx^ 

[0247] KlZ. 02 HZnkZtL&£$&m&m3 
1 ^P^'T. M4 9fc«WiTV^*»*JJttfW2R 
9tfl»tl 3 3,33 ±t*6»l 7 1 J'XA'y ^ffit J: o 
T^H-fS,, ^S7 Hi, A 1 2 0 3 N Si0 2l A 1 
N. Al-Si-O. S i 3 NSj:Z<Mm$mfrt>% 
Z.'*v?mzi}. 4 :* y t'- AX/ \° uy? 

[0248] &£S, XA°-y^OAW^g$rPI0LT. <g 
MM 7 1 CO h 7 >y ?H%m® ( CffllOfi!]^7 1 
a£. ^NS1iH3 1^U> ; 7r-B4 9*^LT^4t 

5Mtf£«3 3, 3 3S-^cSaJ:d(CT'^l.„ 
[0 24 9] U^7.hB4 9 <7)«7)r- 5 •/ 

^S*l«rtaW2 £(13387 la, 71a«h77?I 
*|6HSB®B«IPL<*S. ^fe. 08Jg»7 la, 7 1a 
W h 7 v 7 g*|6)raSg^^TaM^ttJ^<7) h 7 y 7ifS^f 
STw (=W2) $r^-T4. 
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[02 50]«IM7l!WB2R5tBttJI3 3. 3 3 Sr 
&k£M o £ k tz J: •) , H2 1 cOIgT\ 2 K&Sitt 
B3 3. 3 3^(B|4g^33al, 3 3 a 1 tfifi«0«tfC 

2S3SJS1413 3, 33<0«Ba»33al. 3 3a Iff 
JStcS&4 7 -BHt* 2 8 cOj^fffla^C . COS&ffcfr 

4£k£w*4£k**-c£4. 

[02 51 ] 1618*7 lWjftiffiL l/yXH4 9j| 

**4 k , saute 7 i co«f*a«NaHtJi 3 1 outfit 

S^»7 1 bA*-C£.5. 

[ 0 2 5 2 ] ^Jfc^BSlOISm&ftfgTO, $ 
lRa«tt«2 2ki62R3SflHt«3 3. 3 3£|s|tffi 

[0 2 5 3] U^Xhm4 9^m^L. »2<0lS«yiffl 
X*|6j*|6iU)t»2<^SS<oa»4>T'. 352cDfi& 
*+T--/WC*»ftT. m2S3HSttS3 3 , 3 3 fcSft 
UttS 3 2,32 k^lBtC3!aW*ffi8#*«4S-fr. 
fllBttJf 3 2.3 2«BMfcfrrtFfeHSX*rtfcHjet 
4. *HSfe^«T{i, !*!£H20«Ii£j££2 5 0 
•C. K#<D!P2c7)*#$£8k (A/m) kLT^4. 

[0 2 54] 82R5*ttttli3 3. 33k&&tt«3 
2,32k oratftfgftJWttOWi . M 2 7- 

« 2 2 k £ 1 @£8&tt® 2 4k Vfficojammumiftcr) 

3 3tai«tt«i3 2. 3 2k0mns&mMmx*& 

$x:ft4£itltt*fcti><ci*, iwfe£S2<a£«iaS&Jg£, 
« 1 eoKSSfiBttJf 2 2 fci43a^£8S#*m-f 47* 
o -y * y^'ffltct "9 ffiV ijlX(cR£ t . fig* 2 oa* 

$ 1 cD^mam 2 2tm wmmm 2 4 

*l«0R3tfflEtt»2 2kS52rai«ttfll3 3. 3 3 &|a] 

uttJi 2 2 km i iM&ttJi 2 4 k com^immu^m 

3. 3 3fc$&£ttJi3 2, 3 2 k ORJ<023li«5Ftt«# 

«ttB2 8^)Kfl;*|ft|*. H£$ttB2 3<05BMt*|6jk 
fiSTf"4^r|4ltH5g^"4 £ k A^ic^r4 . 
[ 0 2 5 5 ] m 2 <7)M.m*T--)V®f<7)W, 2 
ftO*#£{4, 7yHffl!W2 8&tf»»ttJI3 2tf>« 

ifflaft , mfy y -sttt® 2 sat^a-fti 3 2 <7)£68 

[02 5 6] *LT<fi*$rfctf. #S8tt«3 lSSBB£>f 
W7X'? V--y?tl. <?rLT, ±M*s-iV 
K£*fe«£fc_LtmW7 2 £7./N"-y ?4£14* -y * 
JB**4. J6»«7l*»«HWt«3 1±tc*»tt 

r. 02 2\zjmx-w^Khimmi 3$xrw*a 



fc'tMLti, ±8 K £«fcffl|;tfc±S1HIl 
7 2£*y*BfiJcLTiJ:^. 
[0 2 57] #S&ttl7 3(4, Ta, Ru, Rh, I 
r, Cr, Re, Cu%k'WimimmtnX'Bf8.Ztl 

iztmtLw ^aati7 3<i. trnwrmk 

LXWkmttthhryX'hhbK mnm&<r>fc\Qk 

7 3Tia £ k«±«aS#3M^rtfcmfc< <&4*tf> 
*F*t<*V\ ioT*fSB8T1«B8ttJB7 3^Nfflt 

[0 2 58] W±cr>£ dt,zlXBl&%1xtz®2 2t,Z*% 

ti&Mmkftm^FX'ii. w,2K^wm3 3 , 3 3 ±2: 

I1M7 1 . 7 1 J: ~>XW 0 £ k*'T-£ , Iffiflf 
*»^SSfi4«8JcO»anxSr3tWfc:«ifflT# 4C P PM 

[ 0 2 5 9 ] c p pwwm\&*=F<mv>wk}jm*m 

f>Bt4. t-fH2 3lS-C(i. H*L*V««Lfc.tcT* 
v-^h'J15r*ffl-ri»TgP«®i7 0S:N i Fe^rt'co 
«tt*m^fflv^"C»iat-f4. H5ISk[i)»c 
5^HW+21. ^lRS5ttt«22. @^tt«2 

3 . ^6ttt*t^@ 2 7, 7 'J 2 8 . 

tti4 1, *jj:t^N8tt«3 i*agjwaKi-4. ttitc 

[0260] +r B rami4ii4 1 Mtmt. 1 0 AfeLh 

14 3 0 A£LhT4 0 A WTT'^1-4 . 
[0 26 1 ] ±eoJ3te+ISIR!M8ti«4 1*50A 
WTco^v ^JHWC»dc^4 £ k (c J: 0 , 
4 l(4R^iKttWl4a^#§'5r<^'9, 
SrtttT t , 4>raR5S£Ett«4 1 ^ffiHO^® LH< < 

+r B raEtttB4 1 k 7 y-a«*2 8rafcaasi6£«. 

* 4 v ^4%4 IX l> Zwmii'h Z < , 7 y 

-S8i*^ 2 s ffmfttfi s mmm 2 3 k n t J: 0 ten 

fflfc@£Sii4£k*«5:V\ 

[0262] 4fc+iarai«tt«4 1 *< 1 0 AUt, » 
4 L < (4 3 0 AtLhT«$tl4 k Lfc<«4 , £ 

£7)H/¥A^^t, skxs-c«fisiRa5«ttS4 i<mmn 
&c±izm2%sm&m4 2£Bf$.ixt>. *mam. 

HR3S«ttJH4 1 coPoigaeSC k 7 y -SStt/f 2 8^M 
frt>X%h . 

[0263] 4^02 3Igi04 5 £<PI8IK9SBttJl4 
1 ± WNBttl 3 1 £ »«-r 4 £ k T', 12 2 3 

/■^ { 7^^S$riTt^R^5$ttJi4 l*«IWkS*i 

ScO$rS«tcKi]:T-$4. 

[0264 ] *«WCf«HWM 3 1 £#$BTJMN- 

4. ft*W«4, Ru, Re, Pd, Os, I r, P 
t, Au, Rhc7)V^^ia^^(42gfiLt*^7i§ 
Mlt'MtS £ k **ff 4 L<-^ 
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[0265] r u %t'v>9&mfrt>%&im&m 3 1 it 

#oT#»ttfl3 inmmZBK LTi<W§£Mtf41 
[0266] *&WX'ltimm 3 1 £ 3 kPltX" 1 0 

Aiy~FT'flMi~ & <i k #$?* iw zvfmm^mm 
mm&m 3 1 c j: o t *> awt ^raR^atti 4 1 # 

[0267] *^BflTti±ia^) J: 3 H^mttl 3 1 £.R 
u^ri:'^»^JRt«t, L*^^ttJ13 1 £3A~- 

amximm 3 1 immitz ztizx -ixktucdj 
*v 5 y^BW^Mjt.a^j^eff -? - 1 vxz 

[ 0 2 6 8] 02 3tc*-r=t 0&m&!§3 1 *t-^& 

?t§Tw (0^X^[6j) k!t3<t&:frftT$>l>m<7)E8 

# (ia*Y^i6]) $-epjdloo, mi^Braarei* 

8HIU S&l<OR5&&tta2 2i@®attl2 3£f||£ 
I" I»fi8ttl 2 4k ^fS(c£&&£«#£l6£§tf T , 68 
ttl 2 4 cD«fc*BR*Y:firi*|(c|I|j&*- 4 . t) 9 
2 H^fitttJf 2 6 co^fcti , m 1 BfflSKttJI 2 4 k cOE 
X'®< RKKY«5ftsfflt:J:*S3MS^(cJ:^Tia*Y 
#fikli2Mt;:®5g£*tl>. ^fc^Ji.«mi^»I 
2 7 0°Ck »»O*S$*800k (A/ 

m) 

[0 26 9] 4fcJJELfcJ:3<c. £*>*1 *>»*4«7 
--MC*oT+RIR»«tt04 ltt]««j&«»Ofc*>« 
HHKSJBLfcX < . *r B 1S:^5gtt>14 1 k 7 U-«ttl 
2 8 £«Mc-f*Ktt«PMi 3 0 k<9lSfc<i3*SI*S3«# 
tt»4Lfrn. +SR3$®ttl4 ili5 0AJ2ir*>»o 
mTBl&,2tlX}3 0 . K3££Sttk LT^tt«*#LT 

[0270] *fc_tfcU:f& 1 cr>W%tp7--Mzi:r> 
X . JlttBl 3 1 fcHMW-* R u &kcO#&S7C3S#\ 

«oT««HaK:tJ»t&4>IBR5SaEttJI4 l<0«ja7E* 

4fc4»iaiRaiattJi4irta5(ci£ttLfeiiA« 

fi, S I MS#ff8{KrraBM-* -I t^figT'S) 
4. 

[ 0 2 7 1 ] ^ttS3 1 



t\ frfE#&S7cf&#4«3$mtiyi4 1 ^wswcifiifc 
£&<-Mk#T*£4. 

[0272] &IC02 3IgT#KttJi3 1 <OSlffi:£flc 
[ 0 2 7 3 ] 02 3 (C*t-f = U >-^IST«4. «T 

a*ii. abbot* wei 3 1 ** 3 a~ 1 o Aggo 
nxxm w-cjba ztix\.i&frt>x't>z>. z w^y> 

#36^X14 . ftx*A"¥-«o -i #>$. } JyyiiZi.'>x3t 

w&M3iim£%ti. *®m.mm<?>&mx'$.v 

#hZtWX%h<7)Xfoh. 

[0 2 74] m23Tffiz}iV&4*y$Vyr(r)*M 

nm±. im&m3 1 mmizm-^mmfM^ 3 0 • 

-7 0- tz-t&zbifi#±l\\ %is. 

<7>wmmtemp-ioftmmx°h&. 
[0275] mzm 2 4 fc*tig-ctt, +mK5ftigtt 
M4 i±iz&2mmm4 2*mth. ^2 
s^ttJi4 2^4"^s3smttii4 1 tiBittf«r»j« 

[0276]* £024 fciirf Ig-?Ji, 2 R^mtt 
M4 2 t<¥ffl%]m&m4: 1 k ££W:IS£K«a t 8 0 
AJa±*C5 0 0AJaT<OW^||lfk^*J:pt:, S2R 

[0277] ^1^111414 1 (ornrn tm2%jm& 

S4 2 Vf&mk *Ji Lfc«^IW**8 0 AHJ:T5 0 0 
AklTSgOffv *l»rc»JJt3:h.«. k . JWrttSIMS 
tt<0tt«*#§**»ofe+IBR»«ttJi4 l^RSIBMt 

[0 2 78] »2R»BMBI4 2±(C. ffe^/l 

74S:WJi-r4. *filW7 4<i. CT^-ffA 1,0,. Si 

0. , A IN, Al-Si-O, Si 3 N 4 &k'cO&&« 

[0279] »tH2 5fcijsrt-lSTt±, J6^174± 
tCh5-y^«*rtJ (0*X^) HflJrS^raPS5 0a& 
ra(tTMi.lf^X^® 5 0 *J&m-% o ^X^«5 0Sr 
«^tl»BirieiSli««kLT(i. Cr,Ta,Ti, S 

1, Zr, Nb, Mo, Hf, W. AI-O, Al-S 

i - o, si -ozt'tmmx'Zz. 

[0280] -?x7m5o<mm±, mm^mmiA 

zoMUz^xtmsox-mhtzik. v=jxhm^w^ 

UTVX^«5 0(CBfiaH<!0lBHl5 0a*»jSf*. * 

* wif&sis 7 4 ±.£.mz-?z ?m5o*&f$.uz&. 
u : Jxhm immiz^) *~?x?m3 o±.£mtzxm 
mi. mzi<i;xh®c?)*&mznmmz£^xx& 
tjmiKtk. c\cr>x&frt,mint%-?x7m5o&R 

a 5 o cffftfoiani 5 0 a zmfcth . 
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[0 281 ] bhuttftpftx-te-v^tmsozui;* 
5 o cvfflm 5 o a ftfrt>mm,-t &tms§ i a z r i e-^ 

2$jmm4 2 132 6 

2K$fiJ814«4 2<0llJf i44§]K3&c814l4 1<D§!JI£ 
Ji. L£H-£I&W 5 0 AJjlTt&S 2 T'3I 2 R5$S&ttl 
4 2£B«9&t?.r Ll*. <£ L<(i4 OA 

ixtx'$>&. %oi%^t. *®%3m&m4 1 

*|*7--7UT\ +^SS!Stt«4 1 <7)**SBD fc 7 'J 

-mm2 8^mDmx'^.tm^m^^t. y 

V-m,&m2 8c?)*#:1$Dcr)Mlttm®lZ®$iZtlX L 
£dfrt>Xh6. 

[0 2 82] £tz-?X7m5 OtfWl5 0 a.ftfrt>m& 
t£^2£&®ttl4 2£-r^Tl&*U ZcDTlZBffc 
ZilX^Z>*mK%i®&m4 1 ^-^MHLiT#*t 

TS oy7Z±#>xi>£\\ 

[ 0 2 8 3 ] 02 5(C7jrf J; S& 2 K^Btfil 4 2 
Se*l»i4fcttSit*r«ifc:av^i*ifc:i!M0ai*i*» 

x\ w,2mmtm4: lo^mm* 2 ^\timmi4 
mm {tiuimoxximm) ^tttrntufii (si*z* 

lc. 82K3gfitttJ|4 2«OT«te»J«$*ifcJI*THiJ l 3 

4^® (3t^u«reffiR«if) fc#u*ittrrti*fco« 

B) lcM-r^AS^'8 0- ~9 0' C»*SJifc«Wc 

[0 2 84] &SW£ttH7*)j«IM*>j;3e. 
15 0 cOfifflJi^ 5 0b #\ Tffia>£>±Kfc|6]tt#* tc 
HP15 0 aAWI,fSifffi^ftffiT«§/lTV^^ 
S2R3t«tt«4 2^<OrtOiaS»4 2a«,««iiii> 

sv^MttT^sfti.. flt2KMaettJi 

4 2?rffl|,fc#(7)>(^y$';>'^R I EOftSSrffiB} 
t^it^io-C. fB2K9H8ttS4 2^c0AIBI«i!4 
2 a £ ffi&ffift & I Mm$iffilZt& C\ t i>X*%h. 
[0285] -7X715 0c0l*lMO5 0 b#f?JOT£> 
4VM4»ftifi:LT«JS$<lTV^i:, ffl*)&£ti&m 
Pi5 0a|*)Oh7-y7il^r(S] (0^X^T|6l) A»«7)g^ 
ttTHCrtl 0 { J fc*#K & oT V . i h y y 7 ffi 
Tw£ s ?X?l5 0*)l8IH5 0aOfiJ:9t>3&fc'J'> 

[ 0 2 8 6 ] £ fc 4 TM 0 iitr sWiffiTC* 6 
£fc7'J -fiBttl 2 8 <0+**D JbfcSSMtt* 



[0287] m2R^HttJi4 20ttRgL 

14 20h?-y^«Tw«f|«*«3 V7Y*7m<r>V 
i^*h*#*U »2R5fi«ttJl4 20inew> f ^hJI 

U iOlftHltTA^fcLT. SS2K$$6£tt!4 2. 
<WBRai8ttl4 1tl!!9at»J:dlcLTfcJ:v\ h5 

bt&lZMi. 1»ao)vx?JB5 0tojBrtt£$«&-r5 
ZktfTZZ. fcfc. JIS2£§MKttJ|4 2_tfcTaJflrif 

[0288] JJBtfcR I jj-y 5 V V^WM 
Tlfc®, Wt2<r)W%>*T~-)V*Wt. z<7)t*<nw 

Wjfali. b^-y^fi^-fS] (@*X^[6l) 

z\<n&2<nmi*T--Mt. &2<nmm%*. mi 

^5SSEttl 2 2«03dWI*tta# J: 0 i^S < . U*^ 

^a^jss: . 9 1 K^m&m 2 2<nyu y * >rm. 

J:0tffi<1--5. iiitcAoTIBiraiattJi 2 2^35 

* & . =Sr*J*2<^)}ft«iaiU«±fif«iHr2 5 0-CTft 0 . 
BHW)**Sli8-3 0 (kA/m) . Wiff24k 
(A/m) T**. 

[0 2 89] 5rfc, *2<0SBtffO*& $i±7 U-iSttl 

[0290] <£ffl%&M&a4 1 coWIBJ^gPCti, 
±tc»jSS*ut!H2R3jiaMtl4 2k<3flBT«4-r*R 

c 2 r--;nc j; o r , 4>ras:^ 

^141 4 1 tOMfflJ^gB C {±fiB!MfcS3B L . 4>ISR5$eit 
1 4 1 ^WffMC i 7 0 -Kttl 2 8 i0««gPC 

'J -Kttl 2 8<?>ffifl0BffiCaflMtt, h 5 -y 7g*[6l 

[029 1 ] 7 'J -JSttl 2 8«0+*aD±ttt 

Mz£ixi>. yv~mitm2 8(7)'P^MD±izm^ 

*®%jmm4 1 O^ifcSPD t 7 'J -Sttl 2 8?)4> 

t^Offi{i/h$<, 7'J-68'ttl2 8£04'*a3DAi-M|B) 
SBfWC h 9 y ?m%filz%mizffi£ZtL&b^ 
itzZttf*^. £tz. 7'J-Hf412 8(7)4 3 *S?Dw 

[0292] 7 'J -Sttl 2 8(7)+*S15DOS{b<i^SC 
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saw:** imimmTZ immt® < &w.mtztitc$. 

[0 2 9 3] it:. 7UH8tt«2 8<0'f»*SD±*>if» 
fflfi3ftfltttV4ie>K«ii. 5 0aWTT£>I><0T\ + 

ISBK9taittJf 4 1 ^-t y*«afc>aate*wr< r 

[0294] I^J;o fc*»BJft»tt, ftfcfcJfr^C 7 'J 
[0295] *fc£*>fll24>WI*7~-;l'frH2 41 

soa. -r^*>*s^mttS4 i±t«2R5iBtt 

«4 2 7 4 Lfcft, MbXl>^\ 

[0296] mz, m2 7 izTfrtiMX'tt. tmmi4 
o±B7 4 a*>^>. tmm7 4xxm2&asm&m4 2 

tfflbilXTZtlWSn 6tiWnA 1 2 0 3 . Si 
0 2 , A1N> Al-Si -O. S i 8 N«$rir<S0ie»fi} 

[ 0 2 9 7 ] £ Z T&MtKZ ft.®® 7 5 Sr»|fi 
f SPgOXA'y^ftjge 1 \Zhh. 02 7C*-tJ:^fc 
^-i'^^GIi £ffill(a««ajttMa£K#|fc)Ctt 

WMtX ) . (Ha? 7 6 7 6a fclfi&Jl 7 5 A«J& 

3 ti-r* z ttmt lw mx.ttffl&w 

v?fi%.eUi50' jK>7 0* T*>1>. 
[0 2 98] i«J:dt:«K^'«-y^*5 1**#< 
"TS Z t X\ DflSP 7 6 OffliB 7 6a 
7 5C0b5-y^i|@^|6l (H^X*(6]) ^JUIt z 1 
$\ fcS»7 4W±ffi7 4a&W : naaJ7 6C0J£ffi7 6b 
OSH£#j£§ft4IMS«7 50MJf t z 2i"9t5 < 
««TS4. ;*>J:3fciesUf7 5<soR££iffiL$r^ 

k acrg-wH * > $ y y ^c, ma 7 6 ^m® 7 6a 
t7)m^M7 5tft^x&i;Ziixi£\\ $>&wnm 
M7 5 i>m->xh *<?)f6mmmzm< % *> . mmz# 

[0299] mzM2 8 itZTp-tx 5 izpi§m<?>&mcom 
art smarm (m^ztrnt^m^) hh^imm 

#i*j£ifiv*ft* (£JIjg^#JIflffiOgE;frfifc#L0 
*H2o* ) frM^y^'jy^Hfc-f. £*>fc*oa 

$7 6 ?>Jgffi7 6 b (CJBl* SflfclftlMI 7 5 

£-?&iX'4*y$vy7'$:mt. ZMKvWv? 

iz£~>xmm7 4<?>±Mizm&iztLtzmm7 5tm 

*£*ll>. -3*. 00af7 6«)flBlB7 6at:»lSS*tfcie 
1U 7 5 fcSTfflfi* t W). «B7 6 b CJBRSfifc 
&*IJi7 5J:»)iJIv^t z lSr^U Lfr^Miv 



5Uy/OS'Jy/*|6|Htt, B1B7 6at;:#|fiS*ifc 
t6WB7 5*»4>Jl*i:«W>*|ti^*fc». ffiOH7 6a 
fcJBBJcS*tt:ieiW7 514. JSH7 6 bfc#jft§*ifc|ft 
IftJI 7 5 Cfct^mftlK . J: oTiJBB 7 6a ttejl 

[0300] •f-<0*OB*qa2 8-C**. DflSR7 6c7)fflDi 

7 6 atc»snsie*M7 5^ h 7 y^mnuzmh 

WW t z 3 Ut 5 n m A» & 1 0 n m X'h & Z t i)<M 1 1 

[ 0 3 0 1 ] H2 8lZ7rr? i 0 t»2R3iatt«4 2co 
±®4 2cttie»i7 4KJ:oTafcbil. ££QQgP7 6 
c7>fflffi7 6 aii. «S8Uf7 5KJ: ^xmfrtitzW&lz* 

[03 0 2] -etT^^r^tf, 029t^-TJ:^fc. 
|g^®7 4, 7 5*^DngB7 60JSH7 6bt*4tT^ 
«tt*J7 3£JBl£U:«, ±9J^-;l/H*«fa«ifc± 
flTCSJl 7 2 £ -y ? 4 y «W»ftt* . ^©tt 
fl7 3(i. Ta, Ru, Rh, Ir, Cr, Re. Cu 

zznimwgiftim'BtfLZhzzbmii^ * 

c7)t'^l>* { . S«SSS^ttiAPt^l)[ina7 6^ffi7 
6 b±iMi(«ft«tt«*^^4IN8ttJi7 3T'Sa -I 

t imtittfmmmzmtiiz < < fc«># 1 1 < * 
[0303] w±<7)i oizLxBf&ztitzmfm&m? 

■C14. H2R$$®ttl4 2£7)±H4 2 c«4fftlMi7 4(C 
Jro-ca^it. ttzW37 6<mW7 6 a(4. «^®7 

0*»ox $rMcfP*0T'# * C P PfiWfflfcUaiiiSFF 

SrSit-ti. >r t tmmizKz, . 

[ 0 3 0 4 ] C P PSBSsaiaBfrF*)* 3 ^Sit^ft 5- 
KWtS. 03Ot^§fLSJ;dt. a^L^rV^a^J: 
fc, TSE HI £ TgP«®M7 0^N i F 

[030 5] $4>tc. 01 ltHtietcio-c. 
HW-^2 1. IBlR9iattl2 2. lKffittg2 3. 
#NSttW4£ffli 2 7 . 7>J-Stt«2 8. tJilflNffltfll 

3 1 zmtmm-h. f&.mz&zj-i-y? j m%mff®m 

[0306] *WPiX' t . 7 U - JKffii 2 8 ite^MjSMt 
V 3 1 S:»jft1-« 1 1 X', 03 0 
H§nT t> 7 'J -Kttl 2 8*^t$itS^)S:jgtJJtRS 

[0307] ii-^M8tti3 1 i±*$mmiz£->xm 
itMz< \,-*®m*3:mx'hz>'j&gtfhh. 
[0308] *msx°mm>m3 1 

-I). JW*cWtCli, Ru.Re.Pd.Os. Ir. P 
t. Au. R hO^fto lmtMZ 2 WSLhfrttl 
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#£JST'J&£-f & Z b *W& L\>\ 
[03 09] Ru&fcV)t&Ma>£&£#g$ttJf3 Hi 

*^T#igei3 l^^ji< bTL7y-fi£f4ig2 

[0310] ip-WRX'imm&m 3 1 £ 3 a^±t- 1 0 

«*«ttJBI 3 1 £ J: -0 X t> mmz 7 U -fi&ffil 2 8 
[ 0 3 1 1 ] £*> «fc o fcSli WCf HKttJi 3 1 

[0312] imw§3 1 *Tfio#ji^««Lfca. m 

fa) bW£tZUfoX'&&mi<7)®,% (ER^Y*|fij) i 

(m u-oo % m 1 co^s^tmi u m 1 cdr$$ 
ffit£V 2 2 1 mfcmm 2 3 sr awtr § satti 2 4 1 co 

HH;:33WS£«#*II&3-£T. »tW2 4<OHtffc*0 
*Y*Wtffl«^-* . t a -#<0»ttJl 2 6 OBtfktt. 
81412 4 fc<3fflm< RK K YffiZ#JB£ 1 fc*£SttS 
^•tJ:-3T0*Y^r|6]t{±^[6lt|a^$ti|,. &fcf?lj 
iJi» 1 2 7 O'Ci: U 8»<o*S §* 

800k (A/m) fc-f&o 
[0313] 4fc±ELfe*l <7)W%>*T=.-Mz±~> 
X . #8141 3 1 fcflratt & Ru^r i; eo#&g7E3f£#, 

#81413 1 co$m£#£4*y$. y y^u 1m 
1413 lfclfe*-*-*. 

[ 0 3 1 4 ] H3 0 (CjStfvf *y 5 y y^XSTIi. ffi 

?.*>v*?-<?)4*v^)vyz<mx'%h. 03 
oig{c*j»ts 4 *y s »j yynxsmmt, mm$m 
izm- h ffin^isi £> 3 0 • - 7 0 - jc-t.s i t #i? i 
u\ 4*y$yy^^i^i»#~i o# 

[0315] yc(Cl23 1 (CS^-IgTJi. 7 y-8141 
2 8±£ , 7 U -8141 2 8 <7>814*mi 3 0$>ZWi 

mttm±m 29 tm iwnzm^x » ?$8i4«4 5 £f£ 

Jit. SS>£ai2E!fflM4«4 2. lfci#Jl7 4£Jl£+ 

■caswwrts. «MW7 4j±, ct^i* a i 2 o 3 . s i 

O t . A 1 N. A 1 -S i -O. S i 3 N 4 &iV)$£j|Sft 
[0 3 16] S?52R&81414 2*SI1?)R$£8 

tfei 2 2 k m ttfMTmfct&zbtfm u\ 

[0317] 4fc*2R3S«tt«4 2*>MIS#8 0 AW 
±T 5 0 0 AOTWW^BWJCtiC fctfjffi U\ 

[03 18] I6»i7 4±fc:h5-y^«*m (@ 

^Xtffi) tC0r%^R|R|5 0 a«rBWtT«itf*m«fi 



Lxxmth. hh\>^i^wnx'i»i-7^m5o^v i J 

[0 3 19] VX^«5 0<0HH5 0art*>/> 

sSaj-tl>iSg®l7 4 * R I *y $ y y/fcj: -jT 
W9, S££IMW7 4T<0S2RiaBH^4 2Atf3i 
»tt!4 5£fi!l9&tf. 

[0320] *fcl± s Sg2K3!S814l4 2^j£§|f£. 
*17 4 3t^J»RteflaW-4ftb9lC. *2R5MHt 
14 2<?)h y -y ^STwCOfSS^ad »J 7 h^7^^ 
fXhfcftJftU St2R«BKttB4 2»miau>'*^hJB 

L. i£7)^^Jl^-77?t LT. m2R?S?a!ttJ14 2. 
3181414 5*HiJ0atf«t a t=LTtiV\ h7-y^<S 

x%h* m25&mm4 21.^**2 &t>% 

$>&mmZBfSLLXfrt>h7 -y^(gTw«0^§-Sa y 
[032 1 ] H3 1(C«^-J:dt:. H2S54mttS4 2 

^81414 2cDrt«g|54 2 a(i^Jf7 4HB (S/c 

1414 2<OT«tc»)jc$*ifc]i*Tfi!l03itri:*fcUi. 

SK^ffi) lztfl,mw.1]fa£fi:te£&jjfalzi&.^1jfalz 
%&2tvrzimiz%;~>x^Z>. 
[0 3 22] %&mUm3 lCO^HM^idtC. -?7. 
OW^fflims 0 nB*>fc±BfclWHifc* 

$2R9l«t4ff4 2l?OrtifflSa54 2 atflffffl 

[ 0 3 2 3 ] ±te Lfc r 1 e-w s y y ^iswr 
^ com 2 o«^+T--;m s %2cr)mumRZ , mi 

R^iSttB 2 203£»a*tt«# <t 0 t/h^ < . L*»t 
S^SfflK^ . m 1 R3S8i4/l 2 2 <7)7o -y y ^'ffi.g 
«kOt)iS<-fl». i<ifcJ:->-CSlRafi«ttS2 2<0S 

* 4 . » 2 R^iSttii 4 2 ttKHttttC 
®*Srh7 y^«*|tn (H*X*|(fl) iZlblifhZbtfX' 
S S . tfc* 2 eO^S&gJilrUJf 2 5 0 "CT^ 0 . 
HWcO*#${i8~30 (kA/m) . 0)]iif24k 
(A/m) f**. 

[0324] i<Ofcft±e«*2^a»'t>r--/WCj: 

or. m2%.m®/&m4 2aM9uzmsmiML. ®2 
R3SS14® 4 2 fc mmmA 5 b toisKcaraj*** $ o 
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HWM2 8*>lWW»Cfc*>|Hlfc:, ^ffcfflSftfflCg 
A) fcHfc3*l4. 

[0 3 2 5] fcfc. 7'J-«ttl2 8<0+*a5D<i0aMfc 
l4*f.gUBS#fc*f LWfeRKT* 4SKfc»<WKft* 

[ 0 3 2 6 ] 4fc, 03 OIST. 5 'J V 
■ 7 4 «B '( 4 fctt&tc&ili ) wSflCfriSifc** L 5 0 • 

6 0 • . 5 'J yftirm* 3 OffcK* 5 0#"Cfr 3 
b . 3 1 **5S£(C|$££i"U 7 'J -Utt/f 2 8 

2 8 14 >f *y 5 'J y ^ J: -5 - S^RttS: 
v vfcft . SSSSttJf 4 5 b 7 'J -E8tt« 2 8 £>if SPRffiC 

W<0*#$£32-72 (kA/m) i: i «Tffi 

[03 27] 7 'J HKttJB 2 8±(C««$ 

[0 3 28] a«ttJH4 5tfDl8W*gK-rSi:»2K» 

mm 42b wmm 4 5 iSTm&timt&mxifi 

[03 29] £&8flE&fl4 5 *»<i"S b , 

4 5 artflMBft> £ 7 y H8tt« 2 8 W4»*»D 

[0330] *JWW±. &ffittA4 5 iOJSif *• 5 A~ 

5 OA CRS&t* i b tfX'Z & . C <n 4 0 IzKWM? 

ftmz&Kx 7 y -stts 2 8<r)MKMmmmz 

[0331] 03 l^-fjfysyy^istcto-c. 0 

3 2fc*$ii*Jtofc|H]»7 7!WBjSSiU. 
$fcfcK9! Item 2 7 3U>'0 2 8 IS fc RtROIgfc: 4 -> 
T» fflgP7 7^1JB7 7a^. h 7 -y ?ft£lM:£{t* 
JRJVt z 3#f?"Ui£ 5 nm*>A> 1 0 n mT'$>l>Sg|£Jf 7 

[ 0 3 3 2 ] 03 2fc^J: 3fc*2R5M»tt«4 20 
±ffi4 2c(4^S17 4tc4oTSi?il. 4fcDfl»7 7 
Wfflffi 7 7ali t &&Jg 7 5 (C 4 o T«*»tut «JBC* 

[03 33] *LTi»Kr6tf. |gtiJ174. 7 5fr£> 
HS57 7<Dim7 7 bfcjWtT#»IM 7 3 tJBSUfc 



±»S'-;l'K£*fc«£fc±**«07 2«:*><? 
*4fcliX *»tt«7 3<4. Ta, R 

u. Rh, I r N Cr, Re. Cu5:^ilttitfl 
fiT»JS$fl*ifc##*U\ ?HBttff 7 3(&|M8tt 

[0334] JiLh04 0 tcUT»Jft3ii^aWW«ttJ3lS : F' 
X'li . ft 2 K&l&ttS 4 2 OXtffl 4 2c tifegJI 7 4 (C 
l-jTUbfu 4fcDfl»7 7<O0Bii7 7a<4, MSN 7 
5 £4 otS^M:T^ , tffiJf ft>4SK*UtSK 
oii«nx*aWcfti«|"?# h C P PScoKSafctBsit^ 

[0335] &£03 3i4. 0 1 8fcii^«jM*aaKP 
*CPPS^)l8StttaS«^tL/Slllfc»®, 03 4<4, 

0 1 9 fcjjrra&i&as*?* c p pa*>BSJtf*ajsm= 

[0 3 36] -f^*>03 3&t/03 4fc*-rSM^tii 

s^v^-f nt> . % 1 mm&m 2 2 ^TicTgB^-;i- 

FS:*fflt7tT^mM7 0*W4>ti. 4fcSS2R3fi 
Kffif4 2±tl4tt»Ji7 4 3&<l6»t^ [H]gB7 8. 7 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] [0001] [The technical field to which invention belongs] 
This invention can mainly relate to the magnetic sensing element used for a hard disk drive unit, 
a magnetometric sensor, etc., especially can perform magnetization control of a free magnetic 
layer appropriately also in the formation of a ** truck, and relates to the manufacture method 
of a magnetic sensing element excellent in reproducing characteristics. [0002] [Description of 
the Prior Art] Drawing 40 is the fragmentary sectional view which looked at the structure of the 
conventional magnetic sensing element from the opposed face side with a record medium. 
[0003] A sign 1 is a substrate and the multilayers 8 which consist of the antiferromagnetism 
layer 2, the fixed magnetic layer 3, a non-magnetic material layer 4, and a free magnetic layer 
5 are formed on said substrate 1. The hard bias layer 6 is formed in the both sides of said 
multilayers 8, and the electrode layer 7 is formed on said hard bias layer 6. [0004] 
Magnetization of said fixed magnetic layer 3 is fixed in the direction of illustration Y by the 
switched connection magnetic field generated between said antiferromagnetism layers 2. On the 
other hand, magnetization of the free magnetic layer 5 is arranged in the direction of illustration 
X by the vertical bias magnetic field from the hard bias layer 6. [0005] As shown in drawing 
40 , the width of recording track Tw is regulated with the width-of-face size of the truck cross 
direction (the direction of illustration X) of said free magnetic layer 5, and the size of said width 
of recording track Tw is still smaller with the raise in future recording density. [0006] 
However, when ** truck-ization progressed, with the structure of the magnetic sensing element 
shown in drawing 40 , magnetization control of the free magnetic layer 5 was not able to be 
performed appropriately. [0007] (1) With the structure first shown in drawing 40 , although the 
width-of-face size of the free magnetic layer 5 becomes short with the formation of a ** truck, 
the field influenced of the strong vertical bias magnetic field from the hard bias layer 6 accounts 
for a big rate within the free magnetic layer 5, so that it becomes ** truck-ization. Since it 
becomes the insensible field which cannot carry out magnetization fluctuation easily to an 
external magnetic field in a carrier beam field and the ratio of this insensible field becomes large 
with the formation of a ** truck about a strong vertical bias magnetic field, playback sensitivity 
falls. [0008] (2) It will tend to be in a discontinuous condition magnetically between the hard 
bias layer 6 and the free magnetic layer 5. If the bias substrate layer especially formed by Cr 
etc. between said hard bias layers 6 and free magnetic layers 5 intervenes, it is still more so. 
[0009] The effect of an anti-magnetic field of the truck cross direction edge of the free magnetic 
layer 5 becomes strong by such magnetic discontinuous condition, and it becomes easy to 
produce the phenomenon (buckling phenomenon) which disturbs magnetization of the free 
magnetic layer 5. It becomes easy to be generated to the large field of the free magnetic layer 
5, and the problem that the stability of a playback wave falls by this generates this buckling 
phenomenon, so that it becomes ** truck-ization. [0010] (3) While a part of vertical bias 
magnetic field from the hard bias layer 6 escapes in the shield layer (not shown) in which the 
magnetic sensing element shown in drawing 40 was formed up and down and it disturbs the 
magnetization condition of a shield layer with narrow-gap-izing, the vertical bias magnetic field 
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which should be supplied to the free magnetic layer 5 becomes weaker, and magnetization 
control of the free magnetic layer 5 cannot be performed appropriately. [0011] In order to 
cancel the above-mentioned trouble, recently, the exchange bias method with which 
magnetization control of the free magnetic layer 5 used the antiferromagnetism layer on the free 
magnetic layer is being adopted. [0012] The magnetic sensing element using an exchange bias 
method is manufactured using the manufacturing process shown in drawing 41 and drawing 42 
. Drawing 41 and drawing 42 are the fragmentary sectional views which looked at the magnetic 
sensing element from the opposed face side with a record medium. [0013] At the production 
process shown in drawing 41 , the antiferromagnetism layer 2 which consists of a PtMn alloy 
is formed on a substrate 1, and laminating formation of the fixed magnetic layer 3 of further the 
product made from a magnetic material, the non-magnetic material layer 4, and the free 
magnetic layer 5 made from a magnetic material is carried out. And the Ta film 9 for preventing 
oxidizing, when atmospheric-air exposure of said free magnetic layer 5 surface is carried out on 
said free magnetic layer 5 is formed. [0014] Next, the resist layer 10 for lift off is formed on 
said Ta film 9 shown in drawing 41 , and said Ta film 9 exposed to the both sides of the truck 
cross direction (the direction of illustration X) which is not covered with said resist layer 10 is 
altogether removed by ion milling. At this time, the free magnetic layer 5 under said Ta film 
9 is also deleted in part (a dotted line portion is deleted). [0015] Next, at the production process 
shown in drawing 42 , continuation membrane formation of the 2nd antiferromagnetism layer 
12 formed with the ferromagnetic layer 11, the IrMn alloy, etc. on the free magnetic layer 5 
exposed to the both sides of the resist layer 10 and the electrode layer 13 is carried out. And 
removal of the resist layer 10 shown in drawing 42 completes the magnetic sensing element 
using an exchange bias method. [0016] And in the magnetic sensing element shown in drawing 
42 , the width of recording trkck Tw can be regulated at intervals of the truck cross direction 
between the ferromagnetic layers 11 (illustration X walk), and said ferromagnetic layer 11 is 
firmly fixed in the direction of illustration X by the switched connection magnetic field generated 
between said 2nd antiferromagnetism layers 12. The both-sides edge A of the free magnetic layer 
5 located under said ferromagnetic layer 11 by this was firmly fixed in the direction of 
illustration X by ferromagnetic association between said ferromagnetic layers 11, and it was 
thought that the center section B of the free magnetic layer 5 of a width-of-recording-track Tw 
field was weakly single-domain-ized by the degree which can carry out magnetization fluctuation 
to an external magnetic field. [0017] When it was a magnetic sensing element using this 
exchange bias method, it was expected that the above-mentioned trouble of (1) - (3) was 
appropriately cancelable. [0018] [Problem(s) to be Solved by the Invention] However, the 
following technical problems arose in the magnetic sensing element formed by the manufacturing 
process shown in drawing 41 and drawing 42 . [0019] (1) It becomes easy to enter the interior 
from the free magnetic layer 5 surface which inert gas, such as Ar which can delete not only 
to the Ta film 9 but to a part of free magnetic layer 5 formed in the bottom of it, and is first 
used at the time of ion milling at the time of the ion milling in the production process shown in 
drawing 41 , exposed, and the crystal structure of surface partial 5a of said free magnetic layer 
5 breaks by the damage by the above ion milling, or it becomes easy to generate a lattice defect 
(the Mixing effect) The magnetic properties of surface partial 5a of said free magnetic layer 5 
tend to deteriorate by this. [0020] Although it is the most desirable if only the Ta film 9 is 
shaved at the time of the ion milling of the drawing 41 production process and it can avoid 
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deleting the free magnetic layer 5, it is difficult to actually carry out milling control such. 
[0021] The reason is in the thickness of the Ta film 9 formed on the free magnetic layer 5. It 
is the thickness of said Ta film 9 at the membrane formation time, and it is formed by 30A - 
about 50 A. It is because it cannot prevent appropriately that the free magnetic layer 5 oxidizes 
if it is not thick thickness of this level. [0022] However, the Ta film 9 is put to atmospheric air, 
or oxidizes by annealing in a magnetic field for generating a switched connection magnetic field 
between the fixed magnetic layer 3, the ferromagnetic layer 11, the antiferromagnetism layer 
2, and 12, the thickness of the portion which oxidized expands, and the thickness of said Ta film 
9 whole becomes thicker than a membrane formation phase. For example, when the thickness 
of the Ta film 9 is about 30A at the time of membrane formation, the thickness of said Ta film 
9 will become large by oxidation at about 45A. [0023] Therefore, in order for thickness to 
remove effectively the Ta film 9 which became large by milling by oxidation, it is necessary to 
use the ion milling of high energy. Since it is the ion milling of high energy, a milling rate is 
quick, and it is next to impossible to stop milling at the moment of removing the thick Ta film 
9 of thickness by ion milling. Namely, the more it becomes high energy, the more it is 
necessary to take the large margin of a milling stop location. For this reason, the free magnetic 
layer 5 formed in the bottom of said Ta film will also be deleted in part, and deterioration of 
magnetic properties becomes remarkable too many by the ion milling of high energy that the free 
magnetic layer 5 tends to receive a serious damage at this time. [0024] (2) Moreover, since the 
thickness of the free magnetic layer 5 is thinly formed in 30A - about 40A together with using 
the ion milling of high energy, it is also difficult to stop ion milling in the middle of the free 
magnetic layer 5, as shown in drawing 41 . That is, when the worst, the both-sides edge A of 
the free magnetic layer 5 may be altogether removed by ion milling. Thus, since the thickness 
of the free magnetic layer 5 is thin, it is difficult to stop ion milling in the middle of said free 
magnetic layer 5 itself. [0025] (3) Magnetic properties have deteriorated by the damage 
according [ the free magnetic layer 5 surface exposed by ion milling as mentioned above ] to 
said ion milling. For this reason, on said free magnetic layer 5, for this reason, magnetic 
association between the ferromagnetic layers 11 by which a laminating is carried out 
(ferromagnetism-exchange interaction) needs to form the thickness of the ferromagnetic layer 
1 1 thickly rather than is enough. [0026] Since the switched connection magnetic field generated 
between the antiferromagnetism layers 12 will become weaker shortly if the thickness of the 
ferromagnetic layer 11 is formed thickly, after all, the magnetization immobilization of the both- 
sides edge A of the free magnetic layer 5 cannot be carried out firmly, but the problem of side 
leading occurs, and it becomes impossible however, to manufacture the magnetic sensing 
element which can respond suitable for the formation of a ** truck. [0027] Moreover, if the 
ferromagnetic layer 11 is formed too much thickly, from the inside side of said ferromagnetic 
layer 11, an excessive static magnetic field will become easy to reach the center section B of 
said free magnetic layer 5, and the sensitivity to the external magnetic field of the center section 
B of the free magnetic layer 5 in which flux reversal is possible will tend to fall to it. [0028] 
As mentioned above, the Ta film 9 was formed on the free magnetic layer 5, with the structure 
of a magnetic sensing element of piling up the ferromagnetic layer 11 and the 2nd 
antiferromagnetism layer 12 on the free magnetic layer 5 which deleted the both sides of said 
Ta film 9, and was exposed, magnetization control of the free magnetic layer 5 could not still 
be performed appropriately, and the magnetic sensing element which can respond was not able 
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to be manufactured suitable for the formation of a ** truck. [0029] Then, this invention is for 
solving the above-mentioned conventional technical problem, and in an exchange bias method, 
magnetization control of a free magnetic layer can be performed appropriately, and it aims at 
offering the manufacture method of the magnetic sensing element which can respond suitable for 
the formation of a ** truck. [0030] [Means for Solving the Problem] This invention is the 
manufacture method of a magnetic sensing element characterized by having the following 
production processes, (a) A production process which forms on a substrate multilayers by which 
the laminating was carried out to order of the 1st antiferromagnetism layer, a fixed magnetic 
layer, a non-magnetic material layer, a free magnetic layer, and a non-magnetic layer that 
consists of a noble-metals material from the bottom, (b) A production process which gives 1st 
annealing in a magnetic field, is made to generate a switched connection magnetic field between 
said 1st antiferromagnetism layers and fixed magnetic layers, and fixes the magnetization 
direction of said fixed magnetic layer, (c) A production process at which a both-sides edge of 
said non-magnetic layer is removed, and the both-sides edge surface of said free magnetic layer 
is exposed, (d) A production process which forms a ferromagnetic layer on said free magnetic 
layer exposed to both sides of said non-magnetic layer, 2nd annealing in a magnetic field is 
given, (e) - a production process which forms the 2nd antiferromagnetism layer on said 
ferromagnetic layer, and (f) - A production process which is made to generate a switched 
connection magnetic field between said 2nd antiferromagnetism layers and said ferromagnetic 
layers, and fixes magnetization of a both-sides edge of said ferromagnetic layer and said free 
magnetic layer in the magnetization direction of said fixed magnetic layer, and the crossing 
direction. [0031] It is for preventing from oxidation in the aforementioned (a) production 
process of this invention according [ said non-magnetic layer ] said free magnetic layer to 
atmospheric-air exposure. [0032] In this invention, said non-magnetic layer is formed with a 
noble-metals material. These noble metals are the quality of the materials which cannot oxidize 
easily. Since Ta film currently used conventionally tends to oxidize compared with a noble- 
metals material, it is not desirable, in this invention, manufacturing a magnetic sensing element 
which could use ion milling of low energy and was effectively excellent in ** truck-ization at 
the aforementioned (c) production process replacing with Ta film and using noble metals in order 
to demonstrate sufficient antioxidizing effect, even if thickness of a non-magnetic layer is thin 
has twisted possible. [0033] Ion milling of low energy has a late milling rate, and it becomes 
possible to narrow a margin of a milling stop location. It also becomes possible to stop milling 
at the moment of removing said non-magnetic layer by ion milling especially. A free magnetic 
layer stops therefore, receiving a serious damage by ion milling. [0034] For this reason, on said 
free magnetic layer, magnetic association between said ferromagnetic layers by which a 
laminating is carried out (ferromagnetism-exchange interaction) becomes strong, and can form 
thickness of said ferromagnetic layer thinly. [0035] If thickness of said ferromagnetic layer is 
made thin, a switched connection magnetic field generated between the 2nd antiferromagnetism 
layer and said ferromagnetic layer becomes strong, and comes to be able to carry out 
magnetization immobilization of the both-sides edge of said free magnetic layer firmly. That is, 
side leading is stopped and a magnetic sensing element which can respond can be manufactured 
suitable for formation of a ** truck. [0036] Moreover, if said ferromagnetic layer is made thin, 
it can also be controlled that an excessive static magnetic field enters a center section of said free 
magnetic layer from the inside side of said ferromagnetic layer, and a fall of sensitivity to an 
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external magnetic field of a center section of the free magnetic layer in which flux reversal is 
possible can be prevented. [0037] In this invention, thickness of said ferromagnetic layer can 
be set as 5A - 50A. In addition, damages which said free magnetic layer receives are entering 
the interior from the surface of said free magnetic layer which inert gas, such as Ar used for 
example, at the time of ion milling, exposed, and a thing (the Mixing effect) which the crystal 
structure of a surface portion of said free magnetic layer breaks, and a lattice defect generates. 
The magnetic properties of a surface portion of said free magnetic layer tend to deteriorate by 
these damages. [0038] Moreover, this invention is the manufacture method of a magnetic 
sensing element characterized by having the following production processes, (g) A production 
process which forms on a substrate multilayers by which the laminating was carried out from 
the bottom in order of a non-magnetic layer which consists of a 1st antiferromagnetism layer, 
fixed magnetic layer, non-magnetic material layer, free magnetic layer, and middle 
antiferromagnetism layer and noble metals, (h) A production process which gives 1st annealing 
in a magnetic field, is made to generate a switched connection magnetic field between said 1st 
antiferromagnetism layers and fixed magnetic layers, and fixes the magnetization direction of 
said fixed magnetic layer, (i) A production process at which said non-magnetic layer is all 
removed and the surface of said middle antiferromagnetism layer is exposed, (j) A production 
process which forms the 2nd antiferromagnetism layer on said middle antiferromagnetism layer, 
and a production process which deletes a center section of the 2nd antiferromagnetism layer of 
(k) above, (1) Production process which gives 2nd annealing in a magnetic field, is made to 
generate a switched connection magnetic field between a both-sides edge of a middle 
antiferromagnetism layer under the 2nd antiferromagnetism layer, and a both-sides edge of a free 
magnetic layer, and fixes magnetization of a both-sides edge of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. [0039] A non- 
magnetic layer prepared on said middle antiferromagnetism layer at the aforementioned (g) 
production process is for preventing said middle antiferromagnetism layer from oxidation by 
atmospheric-air exposure. [0040] manufacturing a magnetic sensing element which could use 
ion milling of low energy and was effectively excellent in ** truck-ization at the aforementioned 
(i) production process using a noble-metals material for a non-magnetic layer in order to 
demonstrate sufficient antioxidizing effect, even if thickness of a non-magnetic layer is thin has 
also twisted this invention possible. [0041] Furthermore, since a free magnetic layer top is 
covered in said middle antiferromagnetism layer in this invention, a problem that a free magnetic 
layer receives a damage by ion milling is not generated. [0042] Moreover, when it mixes with 
a material of said middle antiferromagnetism layer, even if said noble-metals element is spread 
inside said middle antiferromagnetism layer by annealing etc. as this mixture is what shows 
antiferromagnetism, since the antiferromagnetism of said middle antiferromagnetism layer does 
not deteriorate, it is desirable [ a noble-metals material for forming said non-magnetic layer ]. 
[0043] In this invention, it can prevent that a big switched connection magnetic field occurs 
between a center section and a center section of the free magnetic layer of said middle 
antiferromagnetism layer by stopping thickness of said middle antiferromagnetism layer. [0044] 
It is desirable to make thickness of said middle antiferromagnetism layer into 50A or less by 
10A or more by this invention, and, specifically, it is 40A or less in 30A or more more 
preferably. The value is very small, even if it will not generate a switched connection magnetic 
field between a center section and a center section of the free magnetic layer of said middle 
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antiferromagnetism layer and will generate, if it is thickness of this level. [0045] Moreover, in 
this invention, at the aforementioned (k) production process, all center sections of the 2nd 
antiferromagnetism layer may be removed, and said middle antiferromagnetism layer may be 
exposed. [0046] Moreover, it is also possible to remove all center sections of said 2nd 
antiferromagnetism layer, to also remove said middle antiferromagnetism layer exposed further, 
and to expose a free magnetic layer. In this case, an antiferromagnetism layer will be prepared 
on a center section of said free magnetic layer. [0047] It is desirable to make into 50A or less 
thickness of an antiferromagnetism layer formed on a center section of said free magnetic layer, 
or not to leave an antiferromagnetism layer on a center section of said free magnetic layer at the 
aforementioned (k) production process, in this invention. It is more desirable to make into 40A 
or less thickness of an antiferromagnetism layer especially formed on a center section of said 
free magnetic layer. [0048] When thickness of an antiferromagnetism layer formed on a center 
section of said free magnetic layer is made into 50A or less, said middle antiferromagnetism 
layer prepared on a center section of said free magnetic layer has a property of non- 
antiferromagnetism. Moreover, when 80-500 A of antiferromagnetism layers on a both-sides edge 
of said free magnetic layer is made it is desirable and as thick as 100-300A, a both-sides edge 
of said middle antiferromagnetism layer comes to have a property of antiferromagnetism. A 
degree which a switched connection magnetic field does not occur between a center section and 
a center section of said middle antiferromagnetism layer of said free magnetic layer, and 
magnetization of a center section of said free magnetic layer is not firmly fixed crosswise [ truck 
] by this, and can carry out flux reversal to an external magnetic field is magnetized weakly. 
[0049] Since a both-sides edge of said middle antiferromagnetism layer becomes on the other 
hand like the 2nd antiferromagnetism layer formed on it, and an antiferromagnetism layer of one 
body in all, A both-sides edge of said middle antiferromagnetism layer regulation-ization- 
metamorphoses by annealing in a magnetic field, and a switched connection magnetic field of 
suitable magnitude occurs between a both-sides edge of said middle antiferromagnetism layer, 
and a both-sides edge of a free magnetic layer. By this It will be firmly fixed crosswise [ truck 
] by both-sides edge of said free magnetic layer. [0050] A serious damage cannot be given to 
a free magnetic layer in this invention, and a both-sides edge of a free magnetic layer can be 
fixed firmly, magnetization of a center section can be arranged with a degree in which flux 
reversal is possible to an external magnetic field, and it is possible to perform magnetization 
control of said free magnetic layer appropriately. [0051] That is, in this invention, it is possible 
to manufacture a magnetic sensing element playback sensitivity excelled [ sensing element ] in 
reproducing characteristics well also in formation of a ** truck. [0052] Or this invention is the 
manufacture method of a magnetic sensing element characterized by having the following 
production processes, (m) A production process which forms on a substrate multilayers by 
which the laminating was carried out from the bottom in order of the 1st antiferromagnetism 
layer, a fixed magnetic layer, a non-magnetic material layer, a free magnetic layer, and a non- 
magnetic layer that consists of noble metals, (n) A production process which gives 1st annealing 
in a magnetic field, is made to generate a switched connection magnetic field between said 1st 
antiferromagnetism layers and fixed magnetic layers, and fixes the magnetization direction of 
said fixed magnetic layer, (o) A production process at which said non-magnetic layer is all 
removed and the surface of said free magnetic layer is exposed, (p) A production process which 
forms a ferromagnetic layer and the 2nd antiferromagnetism layer in order on said free magnetic 
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layer, (q) A production process which removes a center section of said 2nd antiferromagnetism 
layer and said ferromagnetic layer, (r) Production process which gives 2nd annealing in a 
magnetic field, is made to generate a switched connection magnetic field between said 2nd 
antiferromagnetism layers and said ferromagnetic layers, and fixes magnetization of a both-sides 
edge of said ferromagnetic layer and said free magnetic layer in the magnetization direction of 
said fixed magnetic layer, and the crossing direction. [0053] It is for preventing said non- 
magnetic layer in the aforementioned (m) production process of this invention from oxidation 
according said free magnetic layer to atmospheric-air exposure. [0054] This invention is also 
formed with a noble-metals material with which said non-magnetic layer cannot oxidize easily, 
in this invention, manufacturing a magnetic sensing element which could use ion milling of low 
energy and was effectively excellent in ** truck-ization at the aforementioned (o) production 
process using noble metals in order to demonstrate sufficient antioxidizing effect, even if 
thickness of a non-magnetic layer is thin has twisted possible. [0055] Moreover, since it can 
avoid giving a serious damage to said free magnetic layer using ion milling of low energy, 
thickness of said ferromagnetic layer can be made thin. [0056] If thickness of said 
ferromagnetic layer is made thin, a switched connection magnetic field generated between the 
2nd antiferromagnetism layer and said ferromagnetic layer becomes strong, and comes to be able 
to carry out magnetization immobilization of the both-sides edge of said free magnetic layer 
firmly. That is, side leading is stopped and a magnetic sensing element which can respond can 
be manufactured suitable for formation of a ** truck. [0057] Moreover, if said ferromagnetic 
layer is made thin, it can also be controlled that an excessive static magnetic field enters a center 
section of said free magnetic layer from the inside side of said ferromagnetic layer, and a fall 
of sensitivity to an external magnetic field of a center section of the free magnetic layer in which 
flux reversal is possible can be prevented. [0058] In this invention, thickness of said 
ferromagnetic layer can be set as 5A - 50A. In addition, current can form a magnetic sensing 
element of a CIP mold which flows in the parallel direction to a film surface of each class of 
said multilayers on said 2nd antiferromagnetism layer by having a production process which 
opens a gap crosswise [ truck ] and carries out the laminating of the electrode layer of a pair. 
[0059] moreover, an up electrode layer and a lower electrode layer are prepared up and down, 
and when forming the so-called CPP (current perpendicular to the plane) type of said multilayers 
with which current flows perpendicularly to a film surface of each class of said multilayers of 
magnetic sensing element It has a production process which forms a lower electrode layer on 
a substrate (si) before the aforementioned (a) production process. It is desirable to have a 
production process which carries out the laminating of the insulating layer by which said 2nd 
antiferromagnetism layer was prepared in a hole in the center section of the cover truck cross 
direction on said (s2) 2nd antiferromagnetism layer after the aforementioned (e) production 
process, and a production process which forms an up electrode layer which flows electrically 
in said (s3) multilayers layer. [0060] Or a production process which has a production process 
which forms a lower electrode layer, and forms an insulating layer instead of a production 
process of the above (k) or (q) on a substrate (tl) before the above (g) or the (m) production 
process at said (t2) 2nd antiferromagnetism layer top, A production process which forms a 
crevice on said insulating layer by deleting a part which carries out the laminating of the resist 
which prepared a hole in a center section of the truck cross direction, and is exposed to said hole 
of said insulating layer and said 2nd antiferromagnetism layer, (t3) (t4) It is desirable to have 
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a production process which forms in a base of said crevice an up electrode layer which flows 
electrically. [0061] Or it has a production process which forms a lower electrode layer on a 
substrate (t5) before the above (g) or the (m) production process. A production process which 
forms an insulating layer by which a hole was formed in the center section of the truck cross 
direction on said (t6) 2nd antiferromagnetism layer instead of a production process of the above 
(k) or (q), (t7) It is desirable to have a production process which forms a crevice by deleting a 
truck cross direction center section of said 2nd antiferromagnetism layer, and a production 
process which forms in a base of said (t8) crevice an up electrode layer which flows electrically 
by using said insulating layer as a mask. [0062] furthermore, the laminating was carried out on 
a production process which applies on said insulating layer from said (ul) crevice, and forms 
other insulating layers between the aforementioned (t3) production process and the 
aforementioned (t4) production process or between the aforementioned (t7) production process 
and the aforementioned (t8) production process, and a base of said (u2) crevice - said - others - 
- it is more desirable to have a production process which removes an insulating layer. [0063] 
moreover, when forming a lower electrode layer of a magnetic sensing element of a CPP mold 
Between the aforementioned (si) production process, between the aforementioned (a) production 
processes and the aforementioned (tl) production process, the above (g), or the (m) production 
process, or between the aforementioned (t5) production process, the above (g), or the (m) 
production process It has a production process which forms a lobe projected in said direction of 
multilayers in the center of the truck cross direction of said lower electrode layer, and a 
production process which prepares an insulating layer in the both-sides section of the truck cross 
direction of said lobe of said (v2) lower electrode layer, (vl) In the above (a), (g), or the (m) 
production process, it is desirable to form said multilayers so that the upper surface of said lobe 
may touch an inferior surface of tongue of said multilayers. [0064] Furthermore, in the 
aforementioned (v2) production process, it is more desirable to make into the same plane the 
upper surface of said lobe and the upper surface of said insulating layer prepared on a both-sides 
edge of said lower electrode layer. [0065] Moreover, if said lower electrode layer and/or said 
up electrode layer are formed with a magnetic material, since said lower electrode layer can 
make a lower shield layer serve a double purpose and said up electrode layer can make an up 
shield layer serve a double purpose, it is desirable. [0066] In addition, said multilayers, a layer 
formed with a nonmagnetic conductivity material which flows on an electric target, and a layer 
formed with a magnetic material may form said up electrode layer as that by which the 
laminating was carried out. [0067] Moreover, it is desirable to form said non-magnetic material 
layer with a nonmagnetic electrical conducting material in this invention. Said non-magnetic 
material layer is calling a magnetic sensing element formed with a nonmagnetic electrical 
conducting material a spin bulb GMR mold magneto-resistive effect element (CPP-GMR). 
[0068] Moreover, by this invention, when it is the magnetic sensing element of a CPP mold, 
said non-magnetic material layer may be formed by insulating material. This magnetic sensing 
element is called a spin bulb tunnel mold magneto-resistive effect mold element (CPP-TMR). 
[0069] although what sufficient antioxidizing effect can be acquired for was previously stated 
at the above (a) , (g) , or the (m) production process by this invention even if it formed said non- 
magnetic layer thinly, specifically, said non-magnetic layer can be formed by 10A or less by 3 A 
or more. [0070] It is desirable to form said non-magnetic layer at the above (a), (g), or the (m) 
production process in this invention at any one sort of Ru, Re, Pd, Os, Ir, Pt, Au, and the Rh 
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or two sorts or more. [0071] In addition, when Ta film currently used conventionally was 
diffused inside an antiferromagnetism layer, it was what degrades a property (function) of an 
antiferromagnetism layer. [0072] Moreover, it is desirable to form said free magnetic layer at 
the above (a), (g), or the (m) production process in this invention at a three-tiered structure of 
a magnetic layer. For example, it is desirable to form said free magnetic layer by three-tiered 
structure of CoFe/NiFe/CoFe. [0073] [Embodiment of the Invention] Drawing 1 thru/or 
drawing 4 are 1 process drawings showing the manufacture method of the magnetic sensing 
element of this invention. Each production process shown in drawing 1 thru/or drawing 4 is the 
fragmentary sectional view seen from the opposed face side with a record medium. [0074] The 
magnetic sensing element formed of this invention is an MR head for reproducing the record 
signal recorded on the record medium. The opposed face with a record medium is a plane 
perpendicular [ to the film surface of the thin film which constitutes for example, a magnetic 
sensing element ] and parallel to the magnetization direction when the external magnetic field 
(record signal magnetic field) of the free magnetic layer of a magnetic sensing element is not 
impressed. In drawing 1 , the opposed face with a record medium is a plane parallel to a X-Z 
plane. [0075] In addition, when a magnetic sensing element is used for the magnetic head of 
a surfacing type, the opposed face with a record medium is the so-called ABS side. [0076] 
Moreover, a magnetic sensing element is formed on the trailing end face of the slider formed 
for example, with alumina-titanium carbide (aluminum203-TiC). A slider is joined to the 
supporter material by stainless steel material etc. in which elastic deformation is possible by the 
opposed face [ with a record medium ], and reverse side side, and magnetic-head equipment is 
constituted. [0077] In addition, the truck cross direction is the cross direction of the field where 
the magnetization direction is changed by the external magnetic field, for example, is, the 
magnetization direction of illustration X, i.e., direction, of [ when the external magnetic field 
of a free magnetic layer is not impressed ] . The width-of-f ace size of the free magnetic layer of 
the truck cross direction specifies the width of recording track Tw of a magnetic sensing 
element. [0078] In addition, the record medium has countered the opposed face with the record 
medium of a magnetic sensing element, and moves to an illustration Z direction. The direction 
of a leak magnetic field from this record medium is the direction of illustration Y. [0079] At 
the production process shown in drawing 1 , continuation membrane formation of the seed layer 
21, the 1st antiferromagnetism layer 22, the fixed magnetic layer 23, the non-magnetic material 
layer 27, the free magnetic layer 28, and the non-magnetic layer 31 is carried out on a substrate 
20. A spatter and vacuum deposition are used for membrane formation. [0080] The seed layer 
21 is formed by the NiFe alloy, the NiFeCr alloy, or Cr. The seed layer 21 is formed by 60A 
of 60(nickel0.8Fe0.2) at%Cr40at% thickness. [0081] The 1st antiferromagnetism layer 22 is 
formed on the seed layer 21. The 1st antiferromagnetism layer 22 A PtMn alloy, Or it is a X- 
Mn (however, X is one-sort [ any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Os, 
nickel, and Fe) alloy, or is Pt-Mn-X' (however, X'). It is formed with the alloy which is any 
1 or two or more sorts of elements of Pd, Ir, Rh, Ru, Au, Ag, Os, Cr, nickel, Ar, Ne, Xe, and 
Kr. [0082] The switched connection film of the 1st antiferromagnetism layer 22 which generates 
a big switched connection magnetic field, and the fixed magnetic layer 23 can be obtained by 
using these alloys and heat-treating this as the 1st antiferromagnetism layer 22. Especially, if it 
is a PtMn alloy, it has a switched connection magnetic field exceeding 48 or more kA/m, for 
example, 64 kA/m, and the blocking temperature which loses a switched connection magnetic 
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field can obtain the switched connection film of 380 degrees C, the outstanding, very high 1st 
antiferromagnetism layer 22, and the fixed magnetic layer 23. [0083] In the condition 
immediately after membrane formation, although these alloys are the face centered cubic 
structures (fee) of an irregular system, they carry out a structure transformation by heat 
treatment at the face-centered square structure (fct) of a CuAul type rule mold. [0084] The 
thickness of the 1st antiferromagnetism layer 22 is 80-300A. The fixed magnetic layer 23 is 
formed on the 1st antiferromagnetism layer 22. The fixed magnetic layer 23 serves as artificial 
ferry structure. The fixed magnetic layer 23 is the three-tiered structure of the nonmagnetic 
interlayer 25 who intervenes magnetic layers 24 and 26 and between them. [0085] Magnetic 
layers 24 and 26 are formed with magnetic materials, such as for example, a NiFe alloy, Co, 
a CoNiFe alloy, a CoFe alloy, and a CoNi alloy. As for a magnetic layer 24 and a magnetic 
layer 26, being formed with the same material is desirable. [0086] Moreover, the nonmagnetic 
interlayer 25 is formed of a non-magnetic material, and is formed among Ru, Rh, Ir, Cr, Re, 
and Cu with one sort or these two sorts or more of alloys. Being formed especially of Ru is 
desirable. [0087] Magnetic layers 24 and 26 are formed by about 10-70 A, respectively. 
Moreover, the nonmagnetic interlayer' s 25 thickness is formed by formation by 3 A - about 10A. 
[0088] In addition, the fixed magnetic layer 23 may be formed with the two-layer structure of 
diffusion prevention layers, such as a layer and Co layer, which consists of 1 layer structure 
which used one of the above-mentioned magnetic materials, or one of the above-mentioned 
magnetic materials. [0089] The non-magnetic material layer 27 is formed on the fixed magnetic 
layer 23. The non-magnetic material layer 27 is a layer in which magnetic association with the 
fixed magnetic layer 23 and the free magnetic layer 28 is prevented, and sense current mainly 
flows, and it is desirable to be formed of the non-magnetic material which has conductivity, such 
as Cu, Cr, Au, and Ag. Being formed especially of Cu is desirable. The non-magnetic material 
layer 27 is formed by about 18-30A thickness. [0090] The free magnetic layer 28 is formed on 
the non-magnetic material layer 27. With the operation gestalt shown in drawing 1 , the free 
magnetic layer 28 is two-layer structure. The layer of a sign 29 is a diffusion prevention layer 
which consists of Co, CoFe, etc. This diffusion prevention layer 29 prevents the counter 
diffusion of the free magnetic layer 28 and the non-magnetic material layer 27. And the magnetic 
material layer 30 formed with the NiFe alloy etc. on this diffusion prevention layer 29 is 
formed. The free magnetic layer 28 is formed by about 30-50A. [0091] Moreover, by forming 
a non-magnetic layer 31 on the free magnetic layer 28 like the drawing 1 production process, 
even if atmospheric-air exposure of the layered product shown in drawing 1 is carried out, it can 
prevent appropriately that the free magnetic layer 28 oxidizes. [0092] A non-magnetic layer 31 
needs to be a precise layer which cannot oxidize easily due to atmospheric-air exposure here. 
[0093] In this invention, a non-magnetic layer 31 is formed using noble metals. For example, 
it is desirable to form with the noble metals which consist of any one sort of Ru, Re, Pd, Os, 
Ir, Pt, Au, and the Rh or two sorts or more. [0094] By carrying out spatter membrane 
formation using noble metals, such as Ru, the precise non-magnetic layer 31 which cannot 
oxidize easily due to atmospheric-air exposure can be obtained. Therefore, even if it makes 
thickness of a non-magnetic layer 31 thin, it can prevent appropriately that the free magnetic 
layer 28 oxidizes by atmospheric-air exposure. [0095] It is desirable to form a non-magnetic 
layer 31 by 10A or less by 3A or more with this invention. It is forming by 8A or less by 3A 
or more more preferably. It is possible to prevent appropriately that the free magnetic layer 28 
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oxidizes by atmospheric-air exposure also by the non-magnetic layer 31 of thin thickness of this 
level. [0096] Thus, by having formed the non-magnetic layer 31 by thin thickness, ion milling 
in the drawing 2 production process can be performed by low energy, and milling control can 
be raised compared with the former. The drawing 2 production process explains this point in 
detail. [0097] As shown in drawing 1 , after carrying out the laminating of each class to a non- 
magnetic layer 31 on a substrate 20, 1st annealing in a magnetic field is given. Impressing the 
1st magnetic field (the direction of illustration Y) which is the direction which intersects 
perpendicularly with the width of recording track Tw (the direction of illustration X), it heat- 
treats at the 1st heat treatment temperature, a switched connection magnetic field is generated 
between the 1st antiferromagnetism layer 22 and the magnetic layer 24 which constitutes the 
fixed magnetic layer 23, and magnetization of a magnetic layer 24 is fixed in the direction of 
illustration Y, i.e., the height direction. The direction of illustration Y is fixed to hard flow by 
the switched connection by the RKKY interaction which magnetization of another magnetic layer 
26 commits between magnetic layers 24. In addition, 1st heat treatment temperature is made into 
270 degrees C, for example, and magnitude of a magnetic field is set to 800k (A/m). [0098] 
Moreover, noble-metals elements, such as Ru which constitutes a non-magnetic layer 31, are 
considered to be spread in the free magnetic layer 28 interior by the 1st above-mentioned 
annealing in a magnetic field. Therefore, the configuration element near the surface of the free 
magnetic layer 28 after heat treatment consists of the elements and noble-metals elements which 
constitute a free magnetic layer. Moreover, it is thought that there are more noble-metals 
elements diffused in the free magnetic layer 28 interior the surface side of the free magnetic 
layer 28 than the inferior-surf ace-of- tongue side of the free magnetic layer 28, and the 
presentation ratio of the diffused noble-metals element decreases to an inferior surface of tongue 
gradually according to the other side from the surface of the free magnetic layer 28. Such a 
presentation modulation can be checked with the equipment which analyzes the chemical 
composition of thin films, such as a SIMS analysis apparatus. [0099] Next, at the production 
process shown in drawing 2 , a resist layer is formed in the upper surface of a non-magnetic 
layer 31, and it leaves the resist layer 49 of the configuration which shows this resist layer to 
drawing 2 by carrying out exposure development on a non-magnetic layer 31. The resist layer 
49 is a resist layer which has an undercut configuration for lift off. [0100] Next, both-sides 
edge 31a of the non-magnetic layer 31 which is not covered with the resist layer 49 is deleted 
and removed by the ion milling from [ which is shown in drawing 2 ] arrow head H (the non- 
magnetic layer 31 of the dotted line portion shown in drawing 13 is removed). [0101] The ion 
milling of low energy can be used at the ion milling production process shown in drawing 2 . 
The reason is that the non-magnetic layer 31 is formed by the very thin thickness which is 3 A - 
about 10A. [0102] The ion milling of low energy is defined as beam voltage (acceleration 
voltage) being the ion milling using the ion beam below 1000V. For example, the beam voltage 
of 150V-500V is used. With the gestalt of this operation, the 200 argon (Ar) ion beam of the 
low beam voltage of V is used. [0103] On the other hand, if the Ta film 9 is used like the 
conventional example shown, for example in drawing 21 , since it will oxidize by this Ta film 
9 the very thing and atmospheric-air exposure, unless it forms by 30 A - about 50 A thick 
thickness, the layer under it cannot fully be protected from oxidation, but moreover, as for the 
Ta film 9, volume becomes large by oxidation, and the thickness of the Ta film 9 swells to about 
50A or more. [0104] In order to remove the Ta film 9 of such thick thickness by ion milling, 
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when it is necessary to remove the Ta film 9 by the ion milling of high energy and the ion 
milling of high energy is used, it is very difficult to carry out milling control so that only the 
Ta film 9 may be removed. [0105] Therefore, the free magnetic layer 5 currently formed in the 
bottom of the Ta film 9 is also deleted deeply, the interior is entered from the surface of the free 
magnetic layer which inert gas, such as Ar used for the free magnetic layer 5 at the time of ion 
milling, exposed, or the crystal structure of the surface portion of a free magnetic layer breaks, 
and a lattice defect occurs (the Mixing effect). The magnetic properties of a free magnetic layer 
tend to deteriorate by these damages. When the Ta film 9 which has thickness about 50 A or 
more is shaved by the ion milling of low energy, the processing time becomes moreover, less 
practical [ start too much and ]. Moreover, compared with said noble metals, it is easy to carry 
out diffusion permeation of the Ta at a free magnetic layer at the time of membrane formation, 
and even if it has shaved and removed only the Ta film 9, Ta mixes it in the exposed free 
magnetic layer surface. As for the free magnetic layer which Ta mixed, magnetic properties 
deteriorate. [0106] On the other hand, in this invention, a non-magnetic layer 31 can be deleted 
by the ion milling of low energy. The ion milling of low energy has a late milling rate, and it 
becomes possible to narrow the margin of a milling stop location. It also becomes possible to 
stop milling at the moment of removing a non-magnetic layer 31 by ion milling especially. The 
free magnetic layer 28 stops therefore, receiving a serious damage by ion milling. In addition, 
as for whenever [ incident angle / of the ion milling in the drawing 2 production process ], it 
is desirable to make it from a normal 30 degrees - 70 degrees over the substrate 20 surface. 
Moreover, the processing time of ion milling is several seconds - about 10 minutes. [0107] For 
this reason, even if it makes thin thickness of the ferromagnetic layer 32 by which a laminating 
is carried out on the free magnetic layer 28 at degree production process, magnetic association 
between the free magnetic layer 28 and the ferromagnetic layer 32 (ferromagnetism-exchange 
interaction) can be strengthened. [0108] Next, the drawing 3 production process is given. At 
the drawing 3 production process, continuation membrane formation of the ferromagnetic layer 
32, the 2nd antiferromagnetism layer 33, and the electrode layer 34 is carried out in a vacuum 
on both-sides edge 28a of the free magnetic layer 28. A spatter and vacuum deposition can be 
used for membrane formation. Inside edge 33a of the formed 2nd antiferromagnetism layer 33 
and inside edge 34a of the electrode layer 34 are formed in respect of the inclined plane where 
the gap between the 2nd antiferromagnetism layers 33 spreads gradually according to the other 
side (illustration Z direction) on the upper surface from an inferior surface of tongue, or a curve. 
[0109] Moreover, the width of recording track Tw is prescribed by this operation gestalt the gap 
between the inferior surfaces of tongue of the ferromagnetic layer 32. [0110] As for the quality 
of the material used for the 2nd antiferromagnetism layer 33, it is desirable that it is the same 
as the antiferromagnetism material used for the 1st antiferromagnetism layer 22. [0111] 
Moreover, it is desirable to adjust the thickness of the 2nd antiferromagnetism layer 33 so that 
the thickness of the 2nd antiferromagnetism layer 33 may turn into thick thickness 500A or less 
by 80A or more at the production process shown in drawing 3 . [0112] As shown in drawing 
3 , after carrying out laminating formation to the electrode layer 34, the resist layer 49 to which 
film 34b of the electrode material which consists of an element which constitutes film 32b of the 
ferromagnetic material which consists of an element which constitutes the ferromagnetic layer 
32, film 33b of the antiferromagnetism material which consists of an element which constitutes 
the 2nd antiferromagnetism layer 33, and the electrode layer 34 adhered is removed by the lift 



12 



off using an organic solvent etc. [0113] The ferromagnetic layer 32 is formed with the same 
material as the magnetic material layer 30 of the free magnetic layer 28, or the diffusion 
prevention layer 29. [0114] The electrode layer 34 is formed by Au, W, Cr, Ru, Rh, Ta, etc. 
The thickness of the electrode layer 34 is 300A - 1000A. [0115] Next, 2nd annealing in a 
magnetic field is given. The direction of a magnetic field at this time is the truck cross direction 
(the direction of illustration X). In addition, the 2nd [ this ] annealing in a magnetic field is 
smaller than the exchange anisotropy magnetic field of the 1st antiferromagnetism layer 22 in 
the 2nd impression magnetic field, and, moreover, makes heat treatment temperature lower than 
the blocking temperature of the 1st antiferromagnetism layer 22. The exchange anisotropy 
magnetic field of the 2nd antiferromagnetism layer 33 can be turned crosswise [ truck ] (the 
direction of illustration X), turning the direction of the exchange anisotropy magnetic field of 
the 1st antiferromagnetism layer 22 in the height direction (the direction of illustration Y) by 
this. In addition, the 2nd heat treatment temperature is 250 degrees C, and the magnitude of a 
magnetic field is 8-30 (kA/m) (A/m), for example, 24k. [0116] In addition, it is desirable to 
make the 2nd impression magnetic field larger than the anti-magnetic field of the ferromagnetic 
layer 32 and the free magnetic layer 28 and coercive force. [0117] For this reason, by the 2nd 
above-mentioned annealing in a magnetic field, the 2nd antiferromagnetism layer 33 regulation- 
ization-metamorphoses appropriately, and the switched connection magnetic field of magnitude 
suitable between the 2nd antiferromagnetism layer 33 and the ferromagnetic layer 32 generates 
it. Furthermore, ferromagnetic association based on an exchange interaction occurs between the 
both-sides edges C of the ferromagnetic layer 32 and the free magnetic layer 28, and 
magnetization of the both-sides edge C of the free magnetic layer 28 is fixed crosswise [ truck 
] (the direction of illustration X) to it by this. [0118] In addition, magnetization of the center 
section D of the free magnetic layer 28 is in the condition weakly single-domain-ized by the 
degree which can carry out flux reversal to an external magnetic field. [0119] Moreover, 
although a non-magnetic layer 31 is removed completely and it will be slightly deleted by the 
surface of the free magnetic layer 28 if the drawing 2 production process performs 50 degrees 
to 60 degrees, and milling time amount for a milling angle from 30 seconds in 50 seconds to the 
perpendicular direction of the substrate 20 surface In order that the free magnetic layer 28 may 
not receive a serious damage by ion milling, ferromagnetic association suitable between the both- 
sides edges C of the ferromagnetic layer 32 and the free magnetic layer 28 occurs, and it also 
becomes possible to set magnitude of an exchange bias magnetic field to 32-72 (kA/m). [0120] 
In this invention, even if it makes thin thickness of the ferromagnetic layer 32 by which a 
laminating is carried out on the free magnetic layer 28, magnetic association between the free 
magnetic layer 28 and the ferromagnetic layer 32 (ferromagnetism-exchange interaction) can be 
strengthened. [0121] If thickness of the ferromagnetic layer 32 is made thin, the switched 
connection magnetic field generated between the 2nd antiferromagnetism layer 33 and the 
ferromagnetic layer 32 becomes strong, and comes to be able to carry out magnetization 
immobilization of the both-sides edge of a free magnetic layer firmly. That is, side leading is 
stopped and the magnetic sensing element which can respond can be manufactured suitable for 
the formation of a ** truck. [0122] Moreover, if the ferromagnetic layer 32 is made thin, it can 
also be controlled that an excessive static magnetic field enters the center section D of the free 
magnetic layer 28 from the inside side of the ferromagnetic layer 32, and the fall of sensitivity 
to the external magnetic field of the center section D of the free magnetic layer 28 in which flux 
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reversal is possible can be prevented. [0123] In this invention, the thickness of the 
ferromagnetic layer 32 can be set as 5A - 50A. In this way, the magnetic sensing element from 
which the magnetic sensing element shown in drawing 4 is obtained and which could perform 
magnetization control of the free magnetic layer 28 appropriately compared with the former as 
mentioned above according to the manufacture method of this invention, and was excellent in 
playback sensitivity also in the formation of a ** truck can be manufactured. [0124] The 
manufacturing process shown in drawing 5 thru/or drawing 8 is 1 process drawing showing the 
manufacture method of the magnetic sensing element of the 2nd this invention. Each drawing 
is a fragmentary sectional view seen from the opposed face side with a record medium. [0125] 
At the drawing 5 production process, continuation membrane formation of the seed layer 21, the 
1st antiferromagnetism layer 22, the fixed magnetic layer 23, the non-magnetic material layer 
27, the free magnetic layer 28, the middle antiferromagnetism layer 41, and the non-magnetic 
layer 31 is first carried out on a substrate 20. A spatter and vacuum deposition are used for 
membrane formation. The fixed magnetic layer 23 shown in drawing 5 is the laminating ferry 
structure of the magnetic layer 24 and magnetic layer 26 which were formed with the CoFe alloy 
etc., and the nonmagnetic interlayers 25, such as Ru which intervenes between both the magnetic 
layers 24 and 26. The free magnetic layer 28 is the laminated structure of the diffusion 
prevention layers 29, such as a CoFe alloy, and the magnetic material layers 30, such as a NiFe 
alloy. [0126] The seed layer 21 is formed by Cr or NiFeCr, and forms the non-magnetic 
material layer 27 by Cu. [0127] In this invention, the 1st antiferromagnetism layer 22 and the 
middle antiferromagnetism layer 41 A PtMn alloy, Or it is a X-Mn (however, X is one-sort [ 
any ] or two sorts or more of elements of Pd, Ir, Rh, Ru, Os, nickel, and Fe) alloy, or is Pt- 
Mn-X' (however, X'). It is desirable to form with the alloy which is any 1 or two or more sorts 
of elements of Pd, Ir, Rh, Ru, Au, Ag, Os, Cr, nickel, Ar, Ne, Xe, and Kr. [0128] Moreover, 
in the alloy shown by said PtMn alloy and the formula of said X-Mn, it is desirable that the 
range of Pt or X is 37 - 63at%. Moreover, in the alloy shown by said PtMn alloy and the 
formula of said X-Mn, it is more desirable that the range of Pt or X is 47 - 57at%. Unless it 
specifies especially, the maximum and minimum of the numerical range shown by - mean the 
above hereafter. [0129] Moreover, in the alloy shown by the formula of Pt-Mn-X', it is 
desirable that the range of X' +Pt is 37 - 63at%. Moreover, in the alloy shown by the formula 
of said Pt-Mn-X', it is more desirable that the range of X' + Pt is 47 - 57at%. Furthermore, in 
the alloy shown by the formula of said Pt-Mn-X', it is desirable that the range of X' is 0.2 - 
10at%. However, when X' is any one sort or two sorts or more of elements of Pd, Ir, Rh, Ru, 
Os, nickel, and Fe, as for X', it is desirable that it is the range of 0.2 - 40at%. [0130] 
Moreover, it is desirable to form the thickness of the 1st antiferromagnetism layer 22 by 300 A 
or less by 80A or more with this invention. A big switched connection magnetic field can be 
generated between the 1st antiferromagnetism layer 22 and the fixed magnetic layer 23 in 
annealing in a magnetic field by forming the 1st antiferromagnetism layer 22 by thick thickness 
of this level. Specifically, the switched connection magnetic field exceeding 48 or more kA/m, 
for example, 64 kA/m, can be generated. [0131] Moreover, by this invention, it is desirable 
to form the thickness of the middle antiferromagnetism layer 41 by 50A or less by 10A or more, 
and it forms by 30 A or more more preferably at 40 A or less. [0132] The focus is in this 
invention to form the middle antiferromagnetism layer 41 by thin thickness in this way. [0133] 
By forming the middle antiferromagnetism layer 41 by thin thickness 50A or less as mentioned 
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above Even if the middle antiferromagnetism layer 41 stops having the property of 
antiferromagnetism and gives annealing in a magnetic field Even if a switched connection 
magnetic field does not occur or occurs between the middle antiferromagnetism layer 41 and the 
free magnetic layer 28 that the middle antiferromagnetism layer 41 cannot regulation-ization- 
metamorphose easily, the value is small and magnetization of the free magnetic layer 28 is not 
firmly fixed like the fixed magnetic layer 23. [0134] That moreover, the middle 
antiferromagnetism layer 41 presupposed that 10A or more is preferably formed by 30 A or more 
If there is no thickness of this level, even if it forms the 2nd antiferromagnetism layer 42 on the 
both-sides edge C of the middle antiferromagnetism layer 41 at an after production process It 
is because the both-sides edge C of the middle antiferromagnetism layer 41 cannot be easily 
tinctured with the property of antiferromagnetism and the switched connection magnetic field of 
magnitude suitable between the both-sides edge C of the middle antiferromagnetism layer 41 and 
the both-sides edge C of the free magnetic layer 28 does not occur. [0135] Moreover, by 
forming a non-magnetic layer 31 on the middle antiferromagnetism layer 41 like the drawing 5 
production process, even if atmospheric-air exposure of the layered product shown in drawing 
5 is carried out, it can prevent appropriately that the middle antiferromagnetism layer 41 
oxidizes. [0136] A non-magnetic layer 31 needs to be a precise layer which cannot oxidize 
easily due to atmospheric-air exposure here. Moreover, even if a non-magnetic layer 31 
trespasses upon the middle antiferromagnetism layer 41 interior by thermal diffusion etc., it is 
necessary to be the quality of the material which does not degrade the property as an 
antiferromagnetism layer. [0137] In this invention, a non-magnetic layer 31 is formed with 
noble metals. It is desirable to specifically form with the noble metals which consist of any one 
sort of Ru, Re, Pd, Os, Ir, Pt, Au, and the Rh or two sorts or more. [0138] The non-magnetic 
layer 31 which consists of noble metals, such as Ru, is a precise layer which cannot oxidize 
easily due to atmospheric-air exposure. Therefore, even if it makes thickness of a non-magnetic 
layer 31 thin, it can prevent appropriately that the middle antiferromagnetism layer 41 oxidizes 
by atmospheric-air exposure. [0139] It is desirable to form a non-magnetic layer 31 by 1 OA or 
less by 3A or more with this invention. It is possible to prevent appropriately that the middle 
antiferromagnetism layer 41 oxidizes by atmospheric-air exposure appropriately also by the non- 
magnetic layer 31 of thin thickness of this level. [0140] In this invention, a non-magnetic layer 
31 is formed with noble metals, such as Ru, as mentioned above, and, moreover, the non- 
magnetic layer 31 is formed by 3 A - about 10A thin thickness. Thus, ion milling control of 
degree production process can be performed appropriately and easily by having formed the non- 
magnetic layer 31 by thin thickness. [0141] As shown in drawing 5 , after carrying out the 
laminating of each class to a non-magnetic layer 31 on a substrate 20, 1st annealing in a 
magnetic field is given. Impressing the 1st magnetic field (the direction of illustration Y) which 
is the direction which intersects perpendicularly with the width of recording track Tw (the 
direction of illustration X), it heat-treats at the 1st heat treatment temperature, a switched 
connection magnetic field is generated between the 1st antiferromagnetism layer 12 and the 
magnetic layer 24 which constitutes the fixed magnetic layer 23, and magnetization of a 
magnetic layer 24 is fixed in the direction of illustration Y. The direction of illustration Y is 
fixed to hard flow by the switched connection by the RKKY interaction which magnetization of 
another magnetic layer 26 commits between magnetic layers 24. In addition, 1st heat treatment 
temperature is made into 270 degrees C, for example, and magnitude of a magnetic field is set 
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to 800k (A/m). [0142] Moreover, as described above, since the middle antiferromagnetism layer 
41 has thin thickness, it is [ regulation-ization-] hard to metamorphose by the 1st [ this ] 
annealing in a magnetic field, and a switched connection magnetic field is not generated between 
the middle antiferromagnetism layer 41 and the magnetic material layer 30 which constitutes the 
free magnetic layer 28. It is because the middle antiferromagnetism layer 41 is formed by thin 
thickness 50A or less and it does not have the property as antiferromagnetism. [0143] 
Moreover, noble-metals elements, such as Ru which constitutes a non-magnetic layer 31, are 
considered to be spread in the middle antiferromagnetism layer 41 interior by the 1st above- 
mentioned annealing in a magnetic field. Therefore, the configuration element of the middle 
antiferromagnetism layer 41 after heat treatment consists of the elements and noble-metals 
elements which constitute an antiferromagnetism layer. Moreover, it is thought that there are 
more noble-metals elements diffused in the middle antiferromagnetism layer 41 interior the 
surface side of the middle antiferromagnetism layer 41 than the inferior-surface-of-tongue side 
of the middle antiferromagnetism layer 41 , and the presentation ratio of the diffused noble-metals 
element decreases to an inferior surface of tongue gradually according to the other side from the 
surface of the middle antiferromagnetism layer 41. Such a presentation modulation can be 
checked by a SIMS analysis apparatus etc. [0144] Moreover, since this mixture shows 
antiferromagnetism when it mixes with the material of a middle antiferromagnetism layer, the 
noble-metals element for forming a non-magnetic layer 31 is the 1st annealing in a magnetic 
field, and even if said noble-metals element is spread inside the middle antiferromagnetism layer 
41, it can lose that the antiferromagnetism of the middle antiferromagnetism layer 41 
deteriorates. [0145] Next, ion milling of the whole surface of a non-magnetic layer 31 is carried 
out at the drawing 5 production process, and a non-magnetic layer 31 is removed. [0146] The 
ion milling of low energy can be used at the ion milling production process shown in drawing 
5 . The reason is that the non-magnetic layer 31 is formed in the membrane formation phase by 
the very thin thickness which is 3 A - about 10A. For this reason, in this invention, a non- 
magnetic layer 31 is removed by the ion milling of low energy, and milling can raise milling 
control compared with a stop or the former which becomes empty on the maximum surface of 
a middle antiferromagnetism layer by it. [0147] As for whenever [ incident angle / of the ion 
milling in the drawing 5 production process ], it is desirable to make it from a normal 30 
degrees - 70 degrees over the substrate 20 surface. In addition, the processing time of ion 
milling is several seconds - about 10 minutes. [0148] Next, at the production process shown in 
drawing 6 , the 2nd antiferromagnetism layer 42 is formed on the middle antiferromagnetism 
layer 41, and the interlayer (protective layer) 43 further formed by Ta etc. on the 2nd 
antiferromagnetism layer 42 continuously is formed. An interlayer 43 is for protecting the 2nd 
antiferromagnetism layer 42 so that it may not oxidize by atmospheric-air exposure. [0149] In 
addition, it is desirable to form the 2nd antiferromagnetism layer 42 with the same quality of 
the material as the middle antiferromagnetism layer 41. [0150] Moreover, it is desirable to 
adjust the thickness of the 2nd antiferromagnetism layer 42 so that the comprehensive thickness 
which added the 2nd antiferromagnetism layer 42 and the middle antiferromagnetism layer 41 
may turn into thick thickness 500A or less by 80A or more at the production process shown in 
drawing 6 . [0151] It is because the middle antiferromagnetism layer 41 which did not have the 
property of antiferromagnetism will be tinctured with the property of antiferromagnetism if 
independent if the comprehensive thickness which added the thickness of the middle 
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antiferromagnetism layer 41 and the thickness of the 2nd antiferromagnetism layer 42 is formed 
by thickness with thick 500A or less degree by 80A or more. [0152] Next, at the production 
process shown in drawing 7 , the mask layer 50 which opened predetermined gap 50a crosswise 
[ truck ] (the direction of illustration X), for example, was formed with the inorganic material 
on the interlayer 43 is formed. As said inorganic material, Ta, Ti, Si, Zr, Nb, Mo, Hf, W, 
aluminum-O, aluminum-Si-O, Si-O, etc. can be chosen. Among these, when forming the mask 
layer 50 with a metallic material, after a manufacturing process, it can leave the mask layer 50 
as it is, and it can also be operated as an electrode layer 44. [0153] After formation of the mask 
layer 50 stands the resist layer (not shown) on the middle class's 43 center section and buries 
the both sides by the mask layer 50, it removes a resist layer and forms gap 50a of 
predetermined width of face in the mask layer 50. Or after forming a resist layer (not shown) 
in piles on the mask layer 50 after forming the mask layer 50 on [ whole ] the middle class 43, 
and forming a hole in the center section of said resist layer by exposure development, the mask 
layer 50 exposed from this hole is deleted by RIE (reactive ion etching) etc., and gap 50a of 
predetermined width of face is formed in the mask layer 50. [0154] Or by this invention, the 
mask layer 50 may be formed by the resist. At the production process shown in drawing 7 , the 
interlayer 43 who exposes out of gap 50a of the mask layer 50 is deleted by RIE or ion milling, 
and the 2nd antiferromagnetism layer 42 under an interlayer 43 is further deleted to the location 
of a dotted line K. It is desirable to delete the 2nd antiferromagnetism layer 42 until the 
comprehensive thickness which added the thickness of the 2nd antiferromagnetism layer 42 under 
a dotted line K and the thickness of the middle antiferromagnetism layer 41 at this time becomes 
50 A or less. It is 40 A or less more preferably. Otherwise, it is because the center section D of 
the middle antiferromagnetism layer 41 will leave the property of antiferromagnetism, it is 
annealing in the 2nd magnetic field of degree production process, a switched connection 
magnetic field will occur between a center section D and the center section D of the free 
magnetic layer 28 of the middle antiferromagnetism layer 41 and magnetization of the center 
section D of the free magnetic layer 28 will be fixed firmly. [0155] Moreover, the 2nd 
antiferromagnetism layer 42 exposed out of gap 50a of the mask layer 50 may be removed 
altogether, the middle antiferromagnetism layer 41 currently formed in the bottom of it may be 
removed to an alternate long and short dash line L, and milling may be stopped. [0156] As 
shown in drawing 7 , since the 2nd antiferromagnetism layer 42 is deleted in the direction near 
a perpendicular direction or a perpendicular direction to the substrate 20 surface, inside edge 42a 
of the 2nd antiferromagnetism layer 42 is formed in the direction near a perpendicular direction 
(illustration Z direction) or a perpendicular direction to the substrate 20 surface. In addition, 
when deleting to the layer formed in the 2nd antiferromagnetism layer 42 bottom naturally, it 
will be formed in the direction (the angle to the substrate 20 surface is 80 degrees - 90 degrees) 
near a perpendicular direction or a perpendicular direction by the inside end face of deleted each 
class to the substrate 20 surface. [0157] In addition, when inside edge 50b of the mask layer 
50 is formed, for example like the dotted line M of drawing 7 in respect of the inclined plane 
where gap 50a spreads gradually towards the upper surface from an inferior surface of tongue, 
or the curve, inside edge 42a of 2nd antiferromagnetism layer 42 grade is also formed as an 
inclined plane or a curve side. [0158] If inside edge 50b of the mask layer 50 is formed as an 
inclined plane or a curve side, the other side becomes narrow [ the width-of-face size to the 
truck cross direction in gap 50a deleted (the direction of illustration X) ] on the inferior surface 
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of tongue. For this reason, the width of recording track Tw can be made still smaller than the 
width of face of gap 50a of the mask layer 50, and the magnetic sensing element which can 
respond to ** truck-ization can be manufactured. [0159] Moreover, although it is arbitrary how 
far it deletes, it is important on the center section D of the free magnetic layer 28 not to leave 
the antiferromagnetism layer of thickness with the thick degree tinctured with antiferromagnetism 
at least. [0160] After above-mentioned RIE and the above-mentioned ion milling production 
process are completed, 2nd annealing in a magnetic field is given. The direction of a magnetic 
field at this time is the truck cross direction (the direction of illustration X). In addition, the 2nd 
[ this ] annealing in a magnetic field is smaller than the exchange anisotropy magnetic field of 
the 1st antiferromagnetism layer 22 in the 2nd impression magnetic field, and, moreover, makes 
heat treatment temperature lower than the blocking temperature of the 1st antiferromagnetism 
layer 22. The exchange anisotropy magnetic field of the both-sides edge C of the middle 
antiferromagnetism layer 41 can be turned crosswise [ truck ] (the direction of illustration X), 
turning the direction of the exchange anisotropy magnetic field of the 1st antiferromagnetism 
layer 22 in the height direction (the direction of illustration Y) by this. In addition, the 2nd heat 
treatment temperature is 250 degrees C, and the magnitude of a magnetic field is 8-30 (kA/m) 
(A/m), for example, 24k. [0161] In addition, it is desirable to make the 2nd impression 
magnetic field larger than the anti-magnetic field of the ferromagnetic layer 32 and the free 
magnetic layer 28 and coercive force. Since the both-sides edge C of the middle 
antiferromagnetism layer 41 takes on the property of antiferromagnetism by the 
antiferromagnetism-interaction generated between the 2nd antiferromagnetism layers 42 formed 
on it, by the 2nd [ this ] annealing in a magnetic field The both-sides edge C of the middle 
antiferromagnetism layer 41 regulation-ization-metamorphoses, and a big switched connection 
magnetic field generates it between the both-sides edge C of the middle antiferromagnetism layer 
41, and the both-sides edge C of the free magnetic layer 28. Magnetization of the both-sides 
edge C of the free magnetic layer 28 is fixed crosswise [ truck ] (the direction of illustration X) 
by this. [0162] Since only the antiferromagnetism layer of thickness with the thin degree which 
is not tinctured with the property of antiferromagnetism is formed on the center section D of the 
free magnetic layer 28, on the other hand, also by the 2nd above-mentioned annealing in a 
magnetic field The center section D of the middle antiferromagnetism layer 41 formed on the 
center section D of the free magnetic layer 28 does not regulation-ization-metamorphose. Even 
if a switched connection magnetic field does not occur between a center section D and the center 
section D of the free magnetic layer 28 of the middle antiferromagnetism layer 41 or it 
generates, it has not been said that the value is small and the center section D of the free 
magnetic layer 28 is firmly fixed crosswise [ truck ] like the both-sides edge C. Moreover, it 
is also avoidable that the coercive force of the center section D of the free magnetic layer 28 
increases by the middle antiferromagnetism layer 41. [0163] Magnetization of the center section 
D of the free magnetic layer 28 is in the condition weakly single-domain-ized by the degree 
which can carry out flux reversal to an external magnetic field. [0164] Moreover, since the 
thickness of the middle antiferromagnetism layer 41 on the center section D of the free magnetic 
layer 28 is 50A or less, it can lessen splitting of the sense current to the middle 
antiferromagnetism layer 41, and can raise the magnetic field detection output of a magnetic 
sensing element. [0165] Thus, in this invention, compared with the former, magnetization 
control of the free magnetic layer 28 can be performed appropriately, and the magnetic sensing 
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element which was excellent in playback sensitivity also in the formation of a ** truck can be 
manufactured. [0166] Moreover, 2nd [ this ] annealing in a magnetic field may be given after 
forming the 2nd antiferromagnetism layer 42 and an interlayer 43 on the middle 
antiferromagnetism layer 41 after the drawing 6 production process. In this case, the middle 
antiferromagnetism layer 41 is that the 2nd antiferromagnetism layer 42 was formed in piles. 
Take on the property of antiferromagnetism, the middle antiferromagnetism layer 41 regulation- 
ization-metamorphoses by the 2nd annealing in a magnetic field, and a big switched connection 
magnetic field arises between the middle antiferromagnetism layer 41 and the free magnetic layer 
28, and although magnetization of the free magnetic layer 28 whole becomes is easy to be fixed 
crosswise [ truck ], once By deleting a center section D and the center section D of the 2nd 
antiferromagnetism layer 42 and the middle antiferromagnetism layer 41 of the 2nd 
antiferromagnetism layer 42 at the drawing 7 production process The switched connection 
magnetic field generated between the antiferromagnetism layers formed on the center section D 
of the free magnetic layer 28 becomes weaker, and it is thought that it is changeable into 
magnetization weak to the degree which is easy to carry out flux reversal of the center section 
D of the free magnetic layer 28. [0167] Drawing 8 is 1 process drawing showing the formation 
production process of the electrode layer 44. A drawing is a partial expanded sectional view 
from an opposed face side with a record medium. [0168] After removing the mask layer 50 in 
the case of the quality of the material from which it cannot turn into an electrode layer even if 
the mask layer 50 shown in drawing 7 leaves the resist etc., the electrode layer 44 must be 
formed on the 2nd antiferromagnetism layer 42. [0169] As shown in the drawing 8 production 
process, the resist layer 51 is further formed even in some upper surfaces of the 2nd 
antiferromagnetism layer 42 from gap 42b between the 2nd antiferromagnetism layers 42. In 
addition, the resist layer 51 may be formed only in gap 42b. And the electrode layer 44 is 
formed on the 2nd antiferromagnetism layer 42 which is not covered with the resist layer 51, 
and the resist layer 51 is removed. The electrode layer 44 can be formed on the 2nd 
antiferromagnetism layer 42 by this. [0170] In the drawing 7 production process, when [ at 
which the 2nd antiferromagnetism layer 42 is removed to the chain line K ] it mills, the 
magnetic sensing element shown in drawing 9 is obtained. Moreover, when milling which 
removes the middle antiferromagnetism layer 41 to an alternate long and short dash line L is 
performed, the magnetic sensing element shown in drawing 10 is obtained. [0171] Drawing 11 
thru/or drawing 13 are 1 process drawings showing the manufacture method of the magnetic 
sensing element of this invention. Each production process shown in drawing 11 thru/or drawing 
13 is the fragmentary sectional view seen from the opposed face side with a record medium. 
[0172] According to the same production process as drawing 1 , continuation membrane 
formation of the seed layer 21, the 1st antiferromagnetism layer 22, the fixed magnetic layer 23, 
the non-magnetic material layer 27, the free magnetic layer 28, and the non-magnetic layer 31 
is carried out on a substrate 20. A spatter and vacuum deposition are used for membrane 
formation. The material and thickness of each class are the same as each class which attached 
the same sign shown in drawing 1 . [0173] Even if atmospheric-air exposure of the layered 
product which also shows this invention to drawing 5 by forming a non-magnetic layer 31 on 
the free magnetic layer 28 is carried out, it can prevent appropriately that the free magnetic layer 
28 oxidizes. [0174] A non-magnetic layer 31 needs to be a precise layer which cannot oxidize 
easily due to atmospheric-air exposure here. [0175] In this invention, a non-magnetic layer 31 
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is formed with noble metals. It is desirable to specifically form with the noble metals which 
consist of any one sort of Ru, Re, Pd, Os, Ir, Pt, Au, and the Rh or two sorts or more. [0176] 
The non-magnetic layer 31 which consists of noble metals, such as Ru, is a precise layer which 
cannot oxidize easily due to atmospheric-air exposure. Therefore, even if it makes thickness of 
a non-magnetic layer 31 thin, it can prevent appropriately that the free magnetic layer 28 
oxidizes by atmospheric-air exposure. [0177] It is desirable to form a non-magnetic layer 31 
by 10A or less by 3A or more with this invention. It is possible to prevent appropriately that the 
free magnetic layer 28 oxidizes by atmospheric-air exposure appropriately also by the non- 
magnetic layer 31 of thin thickness of this level. [0178] Thus, ion milling control of degree 
production process can be performed appropriately and easily by having formed the non- 
magnetic layer 31 by thin thickness. [0179] As shown in drawing 11 , after carrying out the 
laminating of each class to a non-magnetic layer 31 on a substrate 20, 1st annealing in a 
magnetic field is given. Impressing the 1st magnetic field (the direction of illustration Y) which 
is the direction which intersects perpendicularly with the width of recording track Tw (the 
direction of illustration X), it heat-treats at the 1st heat treatment temperature, a switched 
connection magnetic field is generated between the 1st antiferromagnetism layer 22 and the 
magnetic layer 24 which constitutes the fixed magnetic layer 23, and magnetization of a 
magnetic layer 24 is fixed in the direction of illustration Y. The direction of illustration Y is 
fixed to hard flow by the switched connection by the RKKY interaction which magnetization of 
another magnetic layer 26 commits between magnetic layers 24. In addition, 1st heat treatment 
temperature is made into 270 degrees C, for example, and magnitude of a magnetic field is set 
to 800k (A/m). [0180] Moreover, noble-metals elements, such as Ru which constitutes a non- 
magnetic layer 31, are considered to be spread in the free magnetic layer 28 interior by the 1st 
above-mentioned annealing in a magnetic field. Therefore, the configuration element near the 
surface of the free magnetic layer 28 after heat treatment consists of the elements and noble- 
metals elements which constitute an antiferromagnetism layer. Moreover, it is thought that there 
are more noble-metals elements diffused in the free magnetic layer 28 interior the surface side 
of the free magnetic layer 28 than the inferior-surface-of-tongue side of the free magnetic layer 
28, and the presentation ratio of the diffused noble-metals element decreases to an inferior 
surface of tongue gradually according to the other side from the surface of the free magnetic 
layer 28. Such a presentation modulation can be checked with the equipment which analyzes the 
chemical composition of thin films, such as a SIMS analysis apparatus. [0181] Next, ion milling 
of the whole surface of a non-magnetic layer 31 is carried out, and a non-magnetic layer 31 is 
removed. [0182] The ion milling of low energy can be used at the ion milling production 
process shown in drawing 11 . The reason is that the non-magnetic layer 31 is formed in the 
membrane formation phase by the very thin thickness which is 3 A - about 10A. For this reason, 
in this invention, a non-magnetic layer 31 is removed by the ion milling of low energy, and 
milling can raise milling control compared with a stop or the former which becomes empty on 
the maximum surface of the free magnetic layer 28 by it. [0183] In addition, as for whenever 
[ incident angle / of the ion milling in the drawing 11 production process ], it is desirable to 
make it from a normal 30 degrees - 70 degrees over the substrate 20 surface. In addition, the 
processing time of ion milling is about 1 minute. [0184] Next, at the production process shown 
in drawing 12 , continuation membrane formation of the interlay er (protective layer) 43 who 
formed the ferromagnetic layer 45 and was further formed by the 2nd antiferromagnetism layer 
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42, Ta, etc. on the free magnetic layer 28 using the same material as the magnetic material layer 
30 of the free magnetic layer 28 or the diffusion prevention layer 29 is carried out in a vacuum. 
An interlayer 43 is for protecting the 2nd antiferromagnetism layer 42 so that it may not oxidize 
by atmospheric-air exposure. [0185] In addition, it is desirable to form the 2nd 
antiferromagnetism layer 42 with the same quality of the material as the 1st antiferromagnetism 
layer 22. [0186] Moreover, it is desirable that the thickness of the 2nd antiferromagnetism layer 
42 makes it thick thickness 500A or less by 80A or more at the production process shown in 
drawing 6 . [0187] Next, the mask layer 50 which opened predetermined gap 50a crosswise [ 
truck ] (the direction of illustration X), for example, was formed with the inorganic material on 
the interlayer 43 is formed. As said inorganic material, Ta, Ti, Si, Zr, Nb, Mo, Hf, W, 
aluminum-O, aluminum-Si-O, Si-O, etc. can be chosen. Among these, when forming the mask 
layer 50 with a metallic material, after a manufacturing process, it can leave the mask layer 50 
as it is, and it can also be operated as an electrode layer 44. [0188] After formation of the mask 
layer 50 stands the resist layer (not shown) on the middle class's 43 center section and buries 
the both sides by the mask layer 50, it removes said resist layer and forms gap 50a of 
predetermined width of face in the mask layer 50. Or after forming a resist layer (not shown) 
in piles on the mask layer 50 after forming the mask layer 50 on [ whole ] the middle class 43, 
and forming a hole in the center section of said resist layer by exposure development, the mask 
layer 50 exposed from this hole is deleted by RIE etc., and gap 50a of predetermined width of 
face is formed in the mask layer 50. [0189] Or by this invention, the mask layer 50 may be 
formed by the resist. The interlayer 43 who exposes out of gap 50a of the mask layer 50 is 
deleted by RIE or ion milling, and the 2nd antiferromagnetism layer 42 and the ferromagnetic 
layer 45 under an interlayer 43 are deleted further. [0190] As shown in drawing 12 , since the 
2nd antiferromagnetism layer 42 is deleted in the direction near a perpendicular direction or a 
perpendicular direction to the substrate 20 surface, inside edge 42a of the 2nd 
antiferromagnetism layer 42 is formed in the direction near a perpendicular direction (illustration 
Z direction) or a perpendicular direction to the substrate 20 surface. In addition, when deleting 
to the layer formed in the 2nd antiferromagnetism layer 42 bottom naturally, it will be formed 
in the direction near a perpendicular direction or a perpendicular direction by the inside end face 
of deleted each class to the substrate 20 surface. [0191] In addition, when inside edge 50b of 
the mask layer 50 is formed, for example like the dotted line M of drawing 12 in respect of the 
inclined plane where gap 50a spreads gradually towards the upper surface from an inferior 
surface of tongue, or the curve, inside edge 42a of 2nd antiferromagnetism layer 42 grade is also 
formed as an inclined plane or a curve side. [0192] If inside edge 50b of the mask layer 50 is 
formed as an inclined plane or a curve side, the other side becomes narrow [ the width-of-face 
size to the truck cross direction in gap 50a deleted (the direction of illustration X) ] on the 
inferior surface of tongue. For this reason, the width of recording track Tw can be made still 
smaller than the width of face of gap 50a of the mask layer 50, and the magnetic sensing 
element which can respond to ** truck-ization can be manufactured. [0193] After above- 
mentioned RIE and the above-mentioned ion milling production process are completed, 2nd 
annealing in a magnetic field is given. The direction of a magnetic field at this time is the truck 
cross direction (the direction of illustration X). In addition, the 2nd [ this ] annealing in a 
magnetic field is smaller than the exchange anisotropy magnetic field of the 1st 
antiferromagnetism layer 22 in the 2nd impression magnetic field, and, moreover, makes heat 
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treatment temperature lower than the blocking temperature of the 1st antiferromagnetism layer 
22. The exchange anisotropy magnetic field of the both-sides edge C of the 2nd 
antiferromagnetism layer 42 can be turned crosswise [ truck ] (the direction of illustration X), 
turning the direction of the exchange anisotropy magnetic field of the 1st antiferromagnetism 
layer 22 in the height direction (the direction of illustration Y) by this. In addition, the 2nd heat 
treatment temperature is 250 degrees C, and the magnitude of a magnetic field is 8-30 (kA/m) 
(A/m), for example, 24k. [0194] In addition, it is desirable to make the 2nd impression 
magnetic field larger than the anti-magnetic field of the ferromagnetic layer 32 and the free 
magnetic layer 28 and coercive force. [0195] For this reason, by the 2nd above-mentioned 
annealing in a magnetic field, the 2nd antiferromagnetism layer 42 regulation-ization- 
metamorphoses appropriately, and the switched connection magnetic field of magnitude suitable 
between the 2nd antiferromagnetism layer 42 and the ferromagnetic layer 45 generates it. 
Furthermore, ferromagnetic association based on an exchange interaction occurs between the 
both-sides edges C of the ferromagnetic layer 45 and the free magnetic layer 28, and 
magnetization of the both-sides edge C of the free magnetic layer 28 is fixed crosswise [ truck 
] (the direction of illustration X) to it by this. [0196] In addition, magnetization of the center 
section D of the free magnetic layer 28 is in the condition weakly single-domain-ized by the 
degree which can carry out flux reversal to an external magnetic field. [0197] Moreover, 
although a non-magnetic layer 31 is removed completely and it will be slightly deleted by the 
surface of the free magnetic layer 28 if the drawing 11 production process performs 50 degrees 
to 60 degrees, and milling time amount for a milling angle from 30 seconds in 50 seconds to the 
perpendicular direction of the substrate 20 surface In order that the free magnetic layer 28 may 
not receive a serious damage by ion milling, ferromagnetic association suitable between the both- 
sides edges C of the ferromagnetic layer 45 and the free magnetic layer 28 occurs, and it also 
becomes possible to set magnitude of an exchange bias magnetic field to 32-72 (kA/m). [0198] 
In this invention, even if it makes thin thickness of the ferromagnetic layer 45 by which a 
laminating is carried out on the free magnetic layer 28, magnetic association between the free 
magnetic layer 28 and the ferromagnetic layer 45 (ferromagnetism-exchange interaction) can be 
strengthened. [0199] If thickness of the ferromagnetic layer 45 is made thin, the switched 
connection magnetic field generated between the 2nd antiferromagnetism layer 42 and the 
ferromagnetic layer 45 becomes strong, and comes to be able to carry out magnetization 
immobilization of the both-sides edge of a free magnetic layer firmly. That is, side leading is 
stopped and the magnetic sensing element which can respond can be manufactured suitable for 
the formation of a ** truck. [0200] Moreover, if the ferromagnetic layer 45 is made thin, it can 
also be controlled that an excessive static magnetic field enters the center section D of the free 
magnetic layer 28 from the inside side of the ferromagnetic layer 45, and the fall of sensitivity 
to the external magnetic field of the center section D of the free magnetic layer 28 in which flux 
reversal is possible can be prevented. [0201] In this invention, the thickness of the 
ferromagnetic layer 45 can be set as 5A - 50A. Thus, in this invention, compared with the 
former, magnetization control of the free magnetic layer 28 can be performed appropriately, and 
the magnetic sensing element which was excellent in playback sensitivity also in the formation 
of a ** truck can be manufactured. [0202] After removing the mask layer 50 in the case of the 
quality of the material from which it cannot turn into an electrode layer even if the mask layer 
50 shown in drawing 7 leaves the resist etc., the electrode layer 44 must be formed on the 2nd 
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antiferromagnetism layer 42. [0203] When forming the electrode layer 44, as shown in the 
drawing 8 production process, the resist layer 51 is further formed even in some upper surfaces 
of the 2nd antiferromagnetism layer 42 from gap 42b between the 2nd antiferromagnetism layers 
42. In addition, the resist layer 51 may be formed only in gap 42b. And the electrode layer 44 
is formed on the 2nd antiferromagnetism layer 42 which is not covered with the resist layer 51, 
and the resist layer 51 is removed. The electrode layer 44 can be formed on the 2nd 
antiferromagnetism layer 42 by this. [0204] The magnetic sensing element shown in drawing 
13 can be obtained through each above-mentioned production process. In addition, after ion 
milling termination of drawing 11 , the laminating of the ferromagnetic layer 45 may not be 
carried out, but the laminating of the 2nd antiferromagnetism layer 42 may be directly carried 
out on the free magnetic layer 28. In this case, although the exchange bias magnetic field given 
to the free magnetic layer 28 becomes smaller than the magnetic sensing element shown in 
drawing 13 , it can still acquire the exchange bias magnetic field of 16 (kA/m) degree in an 
absolute value. [0205] Next, the gestalt of the free magnetic layer 28 in this invention is 
explained. In drawing 1 thru/or drawing 13 , altogether, the free magnetic layer 28 is two-layer 
structure, and the layers of the side which touches the non-magnetic material layer 27 are the 
diffusion prevention layers 29, such as CoFe and Co. The magnetic material layer 30 is formed 
with magnetic materials, such as a NiFe alloy. [0206] The free magnetic layer 28 may be 
formed by the monolayer of a magnetic material. As a magnetic material, a NiFe alloy, a CoFe 
alloy, a CoFeNi alloy, Co, a CoNi alloy, etc. can be chosen. Among these, it is desirable to 
form especially the free magnetic layer 28 with a CoFeNi alloy. [0207] Drawing 14 is the 
partial expanded sectional view illustrated focusing on the portion of the free magnetic layer 28. 
The cross section is seen from the opposed face side with a record medium. [0208] With the 
gestalt shown in drawing 14 , the free magnetic layer 28 is a three-tiered structure. All of each 
class of the signs 56, 57, and 58 which constitute the free magnetic layer 28 are the layers of 
a magnetic material, and the magnetic material layer 56 is a diffusion prevention layer for 
preventing diffusion of an element between the non-magnetic material layers 27. The magnetic 
material layer 56 is formed by CoFe, Co, etc. [0209] The magnetic material layer 58 is formed 
in contact with the ferromagnetic layer 32, the middle antiferromagnetism layer 41, or the 
ferromagnetic layer 45. In drawing 14 , the condition of being in contact with the ferromagnetic 
layer 32 is illustrated. [0210] As for the magnetic material layer 58, being formed with a CoFe 
alloy is desirable. As combination of the quality of the material of a three-tiered structure shown 
in drawing 14 , magnetic material layer 56:CoFe/magnetic material layer 57:NiFe/magnetic 
material layer 58: CoFe can be shown, for example. [0211] As for the thickness of the free 
magnetic layer 28 formed only with the magnetic material, it is desirable to be formed by 30 A - 
about 50 A. Moreover, Co is [ Fe of the presentation ratio of the CoFe alloy used for the free 
magnetic layer 28 ] 10at(s)% 90at(s)%. [0212] Drawing 15 is the partial expanded sectional 
view showing another operation gestalt of the free magnetic layer 28. The free magnetic layer 
28 shown in drawing 15 is structure called laminating ferry structure. Without making extremely 
thin physical thickness of the free magnetic layer 28 by this, thickness of a magnetic effectual 
free magnetic layer can be made thin, and the sensitivity to an external magnetic field can be 
raised. [0213] The layer of signs 59 and 61 is a magnetic layer, and the layer of a sign 60 is 
a nonmagnetic interlayer. A magnetic layer 59 and a magnetic layer 61 are formed with 
magnetic materials, such as for example, a NiFe alloy, a CoFe alloy, a CoFeNi alloy, Co, and 
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a CoNi alloy. Among these, as for especially a magnetic layer 59 and/or a magnetic layer 61, 
being formed with a CoFeNi alloy is desirable. As a presentation ratio, it is desirable at more 
than 0.5at% that less than [ 17at% ] and nickel are [ less than / 10at% / and the remainder ] at% 
of Co(es) more than in 9at% for Fe. [0214] Thereby, a magnetic layer 59 and the joint 
magnetic field by the RKKY interaction committed among 61 can be enlarged. Specifically, a 
spin FUROPPU magnetic field (Hsf) is made to the about 293 (kA/m) above. By the above, 
magnetization with a magnetic layer 59 and a magnetic layer 61 changes into an anti-parallel 
condition appropriately. Moreover, the magnetostriction of the free magnetic layer 28 can be 
stored within the limits of -3x10-6 to 3x10-6 as it is above-mentioned presentation within the 
limits, and coercive force can be made small below 790 (A/m). [0215] Furthermore, it is 
possible to aim at appropriately control of reduction of the resistance variation (deltaR) by 
improvement in the soft magnetic characteristics of the free magnetic layer 28 and diffusion of 
nickel to the non-magnetic material layer 27 or resistance rate of change (deltaR/R). [0216] 
Moreover, as for the nonmagnetic interlay er 60, it is desirable to be formed by one sort or two 
sorts or more in Ru, Rh, Ir, Cr, Re, and Cu. [0217] By about 35A, the nonmagnetic interlayer 
60 is formed by about 9A, and the thickness of a magnetic layer 61 is formed for the thickness 
of a magnetic layer 59 by about 15 A. [0218] As are shown in drawing 18 , and it can also 
change into the condition that the magnetic layer 61 was removed in part in the center section 
D and shown in drawing 19 , a magnetic layer 61 is completely removed in the center section 
D, and when the above-mentioned free magnetic layer 28 is formed with laminating ferry 
structure, it can also constitute so that the nonmagnetic interlayer 60 may expose. Thereby, the 
center section D of the free magnetic layer 28 functions not as laminating ferry structure but as 
a free magnetic layer formed only by the usual magnetic layer, on the other hand, at the both- 
sides edge C of the free magnetic layer 28, it can serve as laminating ferry structure, on the 
other hand, can reinforce a tropism bias magnetic field, can make the both-sides edge C of the 
free magnetic layer 28 more certainly able to fix crosswise [ truck ] , and can prevent generating 
of side leading. [0219] Moreover, between the magnetic layer 59 and the non-magnetic material 
layer 27, the diffusion prevention layer formed by the CoFe alloy or Co may be prepared. 
Furthermore, the magnetic layer formed with the CoFe alloy between the magnetic layer 61 and 
the middle antiferromagnetism layer 41 may intervene. [0220] When a magnetic layer 59 and/or 
a magnetic layer 61 are formed with a CoFeNi alloy in this case, the presentation ratio of Fe 
of a CoFeNi alloy is below 15 atom % above 7 atom %, the presentation ratio of nickel is below 
15 atom % above pentatomic %, and, as for the remaining presentation ratios, it is desirable that 
it is Co. [0221] Thereby, a magnetic layer 59 and the switched connection magnetic field in the 
RKKY interaction generated among 61 can be strengthened. Specifically, a spin FUROPPU 
magnetic field (Hsf) can be enlarged even about 293 (kA/m). Therefore, magnetization of 
magnetic layers 59 and 61 can be appropriately changed into an anti-parallel condition. [0222] 
Moreover, the magnetostriction of the free magnetic layer 28 can be stored within the limits of - 
3x10-6 to 3x10-6 as it is above-mentioned presentation within the limits, and coercive force can 
be made small below 790 (A/m). Furthermore, improvement in the soft magnetic characteristics 
of the free magnetic layer 28 can be aimed at. [0223] Drawing 16 is the partial expanded 
sectional view showing another gestalt of the free magnetic layer 28 in this invention. The 
speculer film 63 is formed in the free magnetic layer 28 shown in drawing 16 between the 
magnetic material layer 62 and 64. As shown in the speculer film 63 at drawing 16 , the 
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defective part (pinhole) G may be formed. Moreover, with the operation gestalt shown in 
drawing 16 , the magnetic layer 62 and magnetic layer 64 which sandwiched the speculer film 
(specular reflection layer) 63 are magnetized in the same direction (the direction of an arrow 
head). [0224] Magnetic materials, such as a NiFe alloy, a CoFe alloy, a CoFeNi alloy, Co, and 
a CoNi alloy, are used for magnetic layers 62 and 64. [0225] Specular reflection of the 
conduction electron (for example, conduction electron with rise spin) which reached the speculer 
film 63 when the speculer film 63 was formed in the free magnetic layer 28 like drawing 16 is 
carried out holding spin states (energy, quantum state, etc.) there. And it becomes possible for 
the conduction electron with the rise spin which carried out specular reflection to change the 
migration sense, and to pass through the inside of a free magnetic layer. [0226] For this reason, 
in this invention, it becomes possible to become possible to lengthen mean free path lambda + 
of conduction electron with rise spin by forming the speculer film 63 compared with the former, 
and to be able to enlarge the difference of mean free path lambda + of the conduction electron 
which therefore has rise spin, and mean free path lambda- of conduction electron with down 
spin, therefore to aim at improvement in a playback output with improvement in resistance rate 
of change (deltaR/R) . [0227] Formation of the speculer film 63 forms even a magnetic layer 
62, and oxidizes the magnetic layer 62 surface. This oxidizing zone can be operated as a 
speculer film 63. And a magnetic layer 64 is formed on the speculer film 63. [0228] As the 
quality of the material of the speculer film 63, Fe-O, nickel-O, Co-O, Co-Fe-O, Co-Fe-nickel-O, 
aluminum-O, and aluminum-Q-0 (here -- Q - B --) One or more sorts chosen from Si, N, Ti, 
V, Cr, Mn, Fe, Co, and nickel, R-O (it Hf(s) here - R - Cu, Ti, V, Cr, Zr, Nb, and Mo --) 
one or more sorts of oxides chosen from Ta and W, aluminum-N, and aluminum-Q-N (here - 
Q - B --) One or more sorts chosen from Si, O, Ti, V, Cr, Mn, Fe, Co, and nickel, the nitride 
of R-N (one or more sorts as which R is chosen from Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W 
here), a semimetal whistler alloy, etc. can be shown. [0229] When carrying out spatter 
membrane formation of the speculer film 63, temperature of a substrate 20 is made into 0-100 
degrees C, distance between the targets of the material of a substrate 20 and the speculer film 
63 is set to 100-300mm, and Ar gas pressure is set to 10-5 - 10-3Torr (1. 3x10-3-0. 13Pa). 
[0230] Drawing 17 is the partial expanded sectional view showing another gestalt of the free 
magnetic layer 28 in this invention. [0231] As for the free magnetic layer 28 shown in drawing 
17 , the BAKKUDO layer 66 is formed between the magnetic layer 65 and the ferromagnetic 
layer 32. The BAKKUDO layer 66 is formed by Cu, Au, Cr, Ru, etc. A magnetic layer 65 is 
formed with magnetic materials, such as a NiFe alloy, a CoFe alloy, a CoFeNi alloy, Co, and 
a CoNi alloy. [0232] by forming the BAKKUDO layer 66, the mean free path (mean free path) 
in the conduction electron (upward spin: up spin) of rise spin contributed to a magneto-resistive 
effect is extended, big resistance rate of change is obtained in a spin bulb mold magnetic cell 
according to the so-called spin filter effect (spin filter effect), and it can respond to high 
recording density-ization. [0233] In addition, in the magnetic sensing element of the gestalt of 
operation mentioned above, the fixed magnetic layer 23 may be formed as a ferromagnetic 
material layer of a monolayer. [0234] When the magnetic head is constituted using the magnetic 
sensing element of this invention, the substrate layer which consists of insulating materials, such 
as an alumina, between a substrate 20 and the 1st antiferromagnetism layer 22, the lower shield 
layer which consists of a magnetic alloy by which a laminating is carried out on this substrate 
layer, and the lower gap layer which consists of an insulating material by which a laminating 
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is carried out on this lower shield are formed. The laminating of the thin film magnetic cell is 
carried out on said lower gap layer. Moreover, on this thin film magnetic cell, the up shield 
layer which consists of a magnetic alloy by which a laminating is carried out is formed on the 
up gap layer which consists of an insulating material, and this up gap layer. Moreover, it writes 
in on said up shield layer, and the laminating of the inductive element of business may be 
carried out. [0235] By the way, by drawing 1 thru/or drawing 19 , the electrode layers 33 and 
44 were formed on the both-sides edges C and C of the truck cross direction (the direction of 
illustration X) of the multilayers which have a fixed magnetic layer, a non-magnetic material 
layer, and a free magnetic layer, and the current which flows in said multilayers from the 
electrode layers 33 and 44 explained the manufacture method of the magnetic sensing element 
of the CIP (current in the plane) mold which flows the inside of said multilayers in the parallel 
direction to the [0236] On the other hand, the manufacture method of the magnetic sensing 
element explained henceforth [ drawing 20 ] is the manufacture method of the magnetic sensing 
element of a CPP (current perpendicular to theplane) mold that the current of said multilayers 
which an electrode layer is prepared up and down and flows in said multilayers from said 
electrode layer flows perpendicularly to the film surface of each class of said multilayers. 
[0237] First, at the drawing 20 production process, the lower electrode layer 70 which makes 
a lower shield layer serve a double purpose is formed using magnetic materials, such as NiFe, 
on the substrate which is not illustrated. [0238] Furthermore, continuation membrane formation 
of the multilayers by which the laminating was carried out on the lower electrode layer 70 to 
the seed layer 21, the 1st antiferromagnetism layer 22, the 1st fixed magnetic layer 24, the 
nonmagnetic middle class 25, the fixed magnetic layer 23 of the synthetic ferry PINDO mold 
which consists of the 2nd fixed magnetic layer 26, the non-magnetic material layer 27, the free 
magnetic layer 28, and the non-magnetic layer 31 is carried out in the same vacuum membrane 
formation equipment according to thin film formation processes, such as a spatter and vacuum 
deposition. [0239] The material of the 1st antiferromagnetism layer 22, the 1st fixed magnetic 
layer 24, the nonmagnetic interlayer 25, the 2nd fixed magnetic layer 26, the non-magnetic 
material layer 27, the free magnetic layer 28, and a non-magnetic layer 31 is the same as the 
manufacture method of the magnetic sensing element shown in drawing 4 from drawing 1 . 
[0240] Next, in the magnetic field of the 1st magnitude which turned to the 1st heat treatment 
temperature and the direction of Y for the multilayers by which the laminating was carried out 
to the non-magnetic layer 31, 1st annealing in a magnetic field is performed, an exchange 
anisotropy magnetic field is generated between the 1st antiferromagnetism layer 22 and the 1st 
fixed magnetic layer 24, and the magnetization direction of the fixed magnetic layer 23 is fixed 
in the direction of illustration Y. With the gestalt of this operation, the 1st magnitude of 270 
degrees C and a magnetic field is set to 800k (A/m) for said 1st heat treatment temperature. 
[0241] Next, as shown in drawing 21 , the resist layer 49 for lift off by which the slitting section 
was formed in the inferior surface of tongue is formed on a non-magnetic layer 31. The resist 
layer 49 forms the field of the width-of-recording-track field (center section) D of a non- 
magnetic layer 31 as a wrap thing. [0242] Next, the field which is not covered with the resist 
layer 49 of a non-magnetic layer 31 is completely deleted by ion milling, and the free magnetic 
layer 28 is exposed. This ion milling is the ion milling of the low energy explained previously. 
[0243] And continuation membrane formation of the ferromagnetic layers 32 and 32 and the 2nd 
antiferromagnetism layers 33 and 33 is carried out by the spatter on the both-sides edges C and 
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C of the exposed free magnetic layer 28. [0244] In this invention, a non-magnetic layer 31 can 
be deleted by the ion milling of low energy. The ion milling of low energy has a late milling 
rate, and it becomes possible to narrow the margin of a milling stop location. It also becomes 
possible to stop milling at the moment of removing a non-magnetic layer 31 by ion milling 
especially. The free magnetic layer 28 stops therefore, receiving a serious damage by ion 
milling. In addition, as for whenever [ incident angle / of the ion milling in the drawing 23 
production process ] , it is desirable to make it from a normal 30 degrees - 70 degrees over the 
non-magnetic layer 31 surface. Moreover, the processing time of ion milling is several seconds - 
about 10 minutes. [0245] For this reason, even if it makes thin thickness of the ferromagnetic 
layer 32 by which a laminating is carried out on the free magnetic layer 28 at degree production 
process, magnetic association between the free magnetic layer 28 and the ferromagnetic layer 
32 (ferromagnetism-exchange interaction) can be strengthened. [0246] The truck cross direction 
gap W2 of the 2nd antiferromagnetism layers 33 and 33 is larger than the width-of-face size W2 
of the truck cross direction of base 49a of the resist layer 49. The resist 49 has covered the 
center section of the non-magnetic layer 31 in the abbreviation four- way-type configuration or 
the approximate circle configuration. [0247] Next, an insulating layer 71 is formed by the 
spatter on the 2nd antiferromagnetism layer 33 and 33 [ the field which is not covered with the 
resist layer 49 of a non-magnetic layer 31 as shown in drawing 21 , and ]. An insulating layer 
71 consists of insulating materials, such as aluminum 203, Si02 and A1N, aluminum-Si-O, and 
Si3N4. The ion beam spatter method, the long slow spatter method, the collimation spatter 
method, etc. can be used for a spatter. [0248] In addition, an insulating layer 71 can cover the 
2nd antiferromagnetism layers 33 and 33 completely by adjusting whenever incident angle / 
of a spatter ], and extending and forming side edge marginal 71a by the side of the width-of- 
recording-track field (center section) C of an insulating layer 71 till the place which the non- 
magnetic layer 31 and the resist layer 49 have joined. [0249] At this time, the truck cross 
direction size W2 of the base of the resist layer 49 and the distance between a truck and the 
cross direction of the side edge edges 71a and 71a become equal. In addition, the distance 
between a truck and the cross direction of the side edge edges 71a and 71a specifies the width- 
of-recording-track size Tw ( = W2) of a magnetic sensing element. [0250] When an insulating 
layer 71 covers the 2nd antiferromagnetism layers 33 and 33 completely, at the production 
process of drawing 21 When a presentation changes in the side edge edge 33al of the 2nd 
antiferromagnetism layers 33 and 33, and the field of the 33al neighborhood or who arises Even 
if it becomes easy to move the magnetization direction of the side edge edge 33a 1 of the 2nd 
antiferromagnetism layers 33 and 33, and the both-sides edges C and C of the free magnetic 
layer 28 which laps with the 33al neighborhood, it can suppress that the effective width of 
recording track Tw changes. [0251] After membrane formation of an insulating layer 71, if the 
resist layer 49 is removed, hole 71b which a non-magnetic layer 31 exposes to the center section 
of the insulating layer 71 will be made. [0252] In addition, the magnetic sensing element of the 
gestalt of this operation can form the 1st antiferromagnetism layer 22 and the 2nd 
antiferromagnetism layers 33 and 33 using the antiferromagnetism material of the same 
presentation. [0253] The resist layer 49 is removed, in the 2nd heat treatment temperature and 
the magnetic field of the 2nd magnitude which turned to the direction of X, it applies to the 2nd 
annealing in a magnetic field, an exchange anisotropy magnetic field is generated between the 
2nd antiferromagnetism layers 33 and 33 and the ferromagnetic layers 32 and 32, and the 
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magnetization direction of the ferromagnetic layers 32 and 32 is fixed in the direction of 
illustration X. With the gestalt of this operation, the 2nd magnitude of 250 degrees C and a 
magnetic field is set to 8k (A/m) for said 2nd heat treatment temperature. [0254] The exchange 
anisotropy magnetic field between the 2nd antiferromagnetism layers 33 and 33 and the 
ferromagnetic layers 32 and 32 is produced for the first time in the 2nd annealing production 
process in a magnetic field. Therefore, the direction of the exchange anisotropy magnetic field 
between the 1st antiferromagnetism layer 22 and the 1st fixed magnetic layer 24 has been turned 
in the direction of illustration Y. In order to turn the exchange anisotropy magnetic field between 
the 2nd antiferromagnetism layers 33 and 33 and the ferromagnetic layers 32 and 32 in the 
direction of illustration X What is necessary is just to set said 2nd heat treatment temperature 
as a temperature lower than the blocking temperature to which the switched connection magnetic 
field by the 1st antiferromagnetism layer 22 disappears, and to make magnitude of said 2nd 
magnetic field smaller than the exchange anisotropy magnetic field between the 1st 
antiferromagnetism layer 22 and the 1st fixed magnetic layer 24. Moreover, if 2nd annealing in 
a magnetic field is performed under these conditions, even if it forms the 1st antiferromagnetism 
layer 22 and 2nd antiferromagnetism layers 33 and 33 using the antiferromagnetism material of 
the same presentation The exchange anisotropy magnetic field between the 2nd 
antiferromagnetism layers 33 and 33 and the ferromagnetic layers 32 and 32 can be turned in 
the direction of illustration X, turning the direction of the exchange anisotropy magnetic field 
between the 1st antiferromagnetism layer 22 and the 1st fixed magnetic layer 24 in the direction 
of illustration Y. That is, it becomes easy to fix the magnetization direction of the free magnetic 
layer 28 in the magnetization direction of the fixed magnetic layer 23 and the direction which 
intersects perpendicularly. [0255] In addition, as for the magnitude of the 2nd magnetic field 
at the time of the 2nd annealing in a magnetic field, it is desirable that it is larger than the anti- 
magnetic field of the saturation magnetic field of the free magnetic layer 28 and the 
ferromagnetic layer 32, the free magnetic layer 28, and the ferromagnetic layer 32. [0256] And 
if required, the non-magnetic layer 31 surface will be cleaned by ion milling, and the up 
electrode layer 72 which has an up shield — a spatter — or plating formation is carried out. 
Moreover, it applies on a non-magnetic layer 31 from an insulating layer 71, and after forming 
the non-magnetic layer 73 shown in drawing 22 by the dotted line by a spatter etc., plating 
formation of the up electrode layer 72 which has an up shield may be carried out. [0257] As 
for a non-magnetic layer 73, it is desirable to be formed with nonmagnetic electrical conducting 
materials, such as Ta, Ru, Rh, Ir, Cr, Re, and Cu. Although a non-magnetic layer 73 has a role 
of an up gap layer, since current stops being able to flow in multilayers easily, it is not 
desirable. [ of covering the non-magnetic layer 31 top used as the entrance of a current path by 
the non-magnetic layer 73 which consists of an insulating material ] Therefore, it is desirable 
to form a non-magnetic layer 73 with a nonmagnetic electrical conducting material in this 
invention. [0258] In the magnetic sensing element shown in drawing 22 formed as mentioned 
above, it becomes possible to manufacture the 2nd antiferromagnetism layer 33 and the magnetic 
sensing element of the CPP mold which can control appropriately an insulating layer 71 and the 
splitting loss of current which can be caused 71, can cover and flows from an electrode layer 
for 33 tops. [0259] Other manufacture methods of a CPP mold MAG sensing element are 
explained. At the drawing 23 production process, the lower electrode layer 70 which makes a 
lower shield layer serve a double purpose is first formed using magnetic materials, such as NiFe, 
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on the substrate which is not illustrated. Furthermore, continuation membrane formation of the 
seed layer 21, the 1st antiferromagnetism layer 22, the fixed magnetic layer 23, the non- 
magnetic material layer 27, the free magnetic layer 28, the middle antiferromagnetism layer 41, 
and the non-magnetic layer 31 is carried out like the drawing 5 production process. A spatter 
and vacuum deposition are used for membrane formation. . [0260] As for the thickness of the 
middle antiferromagnetism layer 41, it is desirable to form by 50 A or less by 10A or more, and 
it forms it by 40 A or less by 30 A or more more preferably. [0261] By forming the middle 
antiferromagnetism layer 41 by thin thickness 50 A or less as mentioned above Even if the 
middle antiferromagnetism layer 41 stops having the property of antiferromagnetism and gives 
annealing in a magnetic field Even if a switched connection magnetic field does not occur or 
occurs between the middle antiferromagnetism layer 41 and the free magnetic layer 28 that the 
middle antiferromagnetism layer 41 cannot regulation-ization-metamorphose easily, the value 
is small and magnetization of the free magnetic layer 28 is not firmly fixed like the fixed 
magnetic layer 23. [0262] That moreover, the middle antiferromagnetism layer 41 presupposed 
that 10 A or more is preferably formed by 30 A or more If there is no thickness of this level, 
even if it forms the 2nd antiferromagnetism layer 42 on the both-sides edge C of the middle 
antiferromagnetism layer 41 at an after production process It is because the both-sides edge C 
of the middle antiferromagnetism layer 41 cannot be easily tinctured with the property of 
antiferromagnetism and the switched connection magnetic field of magnitude suitable between 
the both-sides edge C of the middle antiferromagnetism layer 41 and the both-sides edge C of 
the free magnetic layer 28 does not occur. [0263] Moreover, by forming a non-magnetic layer 
31 on the middle antiferromagnetism layer 41 like the drawing 23 production process, even if 
atmospheric-air exposure of the layered product shown in drawing 23 is carried out, it can 
prevent appropriately that the middle antiferromagnetism layer 41 oxidizes. [0264] In this 
invention, a non-magnetic layer 31 is formed with noble metals. It is desirable to specifically 
form with the noble metals which consist of any one sort of Ru, Re, Pd, Os, Ir, Pt, Au, and the 
Rh or two sorts or more. [0265] The non-magnetic layer 31 which consists of noble metals, 
such as Ru, is a precise layer which cannot oxidize easily due to atmospheric-air exposure. 
Therefore, even if it makes thickness of a non-magnetic layer 31 thin, it can prevent 
appropriately that the middle antiferromagnetism layer 41 oxidizes by atmospheric-air exposure. 
[0266] It is desirable to form a non-magnetic layer 31 by 1 OA or less by 3 A or more with this 
invention. It is possible to prevent appropriately that the middle antiferromagnetism layer 41 
oxidizes by atmospheric-air exposure appropriately also by the non-magnetic layer 31 of thin 
thickness of this level. [0267] In this invention, a non-magnetic layer 31 is formed with noble 
metals, such as Ru, as mentioned above, and, moreover, the non-magnetic layer 31 is formed 
by 3A - about 10A thin thickness. Thus, ion milling control of degree production process can 
be performed appropriately and easily by having formed the non-magnetic layer 31 by thin 
thickness. [0268] As shown in drawing 23 , after carrying out the laminating of each class to 
a non-magnetic layer 31, 1st annealing in a magnetic field is given. Impressing the 1st magnetic 
field (the direction of illustration Y) which is the direction which intersects perpendicularly with 
the width of recording track Tw (the direction of illustration X), it heat-treats at the 1st heat 
treatment temperature, a switched connection magnetic field is generated between the 1st 
antiferromagnetism layer 22 and the magnetic layer 24 which constitutes the fixed magnetic layer 
23, and magnetization of a magnetic layer 24 is fixed in the direction of illustration Y. The 
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direction of illustration Y is fixed to hard flow by the switched connection by the RKKY 
interaction which magnetization of another 2nd fixed magnetic layer 26 commits between the 1st 
fixed magnetic layers 24. In addition, 1st heat treatment temperature is made into 270 degrees 
C, for example, and magnitude of a magnetic field is set to 800k (A/m). [0269] Moreover, as 
described above, since the middle antiferromagnetism layer 41 has thin thickness, it is [ 
regulation-ization-] hard to metamorphose by the 1st [ this ] annealing in a magnetic field, and 
a switched connection magnetic field is not generated between the middle antiferromagnetism 
layer 41 and the magnetic material layer 30 which constitutes the free magnetic layer 28. It is 
because the middle antiferromagnetism layer 41 is formed by thin thickness 50A or less and it 
does not have the property as antiferromagnetism. [0270] Moreover, noble-metals elements, 
such as Ru which constitutes a non-magnetic layer 31, are considered to be spread in the middle 
antiferromagnetism layer 41 interior by the 1st above-mentioned annealing in a magnetic field. 
Therefore, the configuration element of the middle antiferromagnetism layer 41 after heat 
treatment consists of the elements and noble-metals elements which constitute an 
antiferromagnetism layer. Moreover, it is thought that there are more noble-metals elements 
diffused in the middle antiferromagnetism layer 41 interior the surface side of the middle 
antiferromagnetism layer 41 than the inferior-surf ace-of -tongue side of the middle 
antiferromagnetism layer 41, and the presentation ratio of the diffused noble-metals element 
decreases to an inferior surface of tongue gradually according to the other side from the surface 
of the middle antiferromagnetism layer 41. Such a presentation modulation can be checked by 
a SIMS analysis apparatus etc. [0271] Moreover, since this mixture shows antiferromagnetism 
when it mixes with the material of a middle antiferromagnetism layer, the noble-metals element 
for forming a non-magnetic layer 31 is the 1st annealing in a magnetic field, and even if said 
noble-metals element is spread inside the middle antiferromagnetism layer 41, it can lose that 
the antiferromagnetism of the middle antiferromagnetism layer 41 deteriorates. [0272] Next, 
ion milling of the whole surface of a non-magnetic layer 31 is carried out at the drawing 23 
production process, and a non-magnetic layer 31 is removed. [0273] At the ion milling 
production process shown in drawing 23 , the ion milling of the above-mentioned low energy 
can be used. The reason is that the non-magnetic layer 31 is formed in the membrane formation 
phase by the very thin thickness which is 3 A - about 10A. For this reason, in this invention, a 
non-magnetic layer 31 is removed by the ion milling of low energy, and milling can raise milling 
control compared with a stop or the former which becomes empty on the maximum surface of 
a middle antiferromagnetism layer by it. [0274] As for whenever [ incident angle / of the ion 
milling in the drawing 23 production process ], it is desirable to make it from a normal 30 
degrees - 70 degrees over the non-magnetic layer 31 surface. In addition, the processing time 
of ion milling is several seconds - about 10 minutes. [0275] Next, at the production process 
shown in drawing 24 , the 2nd antiferromagnetism layer 42 is formed on the middle 
antiferromagnetism layer 41. In addition, it is desirable to form the 2nd antiferromagnetism layer 
42 with the same quality of the material as the middle antiferromagnetism layer 41. [0276] 
Moreover, it is desirable to adjust the thickness of the 2nd antiferromagnetism layer 42 so that 
the comprehensive thickness which added the 2nd antiferromagnetism layer 42 and the middle 
antiferromagnetism layer 41 may turn into thick thickness 500A or less by 80A or more at the 
production process shown in drawing 24 . [0277] It is because the middle antiferromagnetism 
layer 41 which did not have the property of antiferromagnetism will be tinctured with the 
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property of antiferromagnetism if independent if the comprehensive thickness which added the 
thickness of the middle antiferromagnetism layer 41 and the thickness of the 2nd 
antiferromagnetism layer 42 is formed by thickness with thick 500A or less degree by 80A or 
more. [0278] Furthermore, the laminating of the insulating layer 74 is carried out on the 2nd 
antiferromagnetism layer 42. An insulating layer 74 is formed by insulating materials, such as 
aluminum 203, Si02 and A1N, aluminum-Si-O, and Si3N4. [0279] Next, at the production 
process shown in drawing 25 , on an insulating layer 74, predetermined gap 50a is opened 
crosswise truck ] (the direction of illustration X), for example, the mask layer 50 is formed. 
As said inorganic material which forms the mask layer 50, Cr, Ta, Ti, Si, Zr, Nb, Mo, Hf, W, 
aluminum-O, aluminum-Si-O, Si-O, etc. can be chosen. [0280] After formation of the mask 
layer 50 stands the resist layer (not shown) on the center section of the insulating layer 74 and 
buries the both sides by the mask layer 50, it removes a resist layer and forms gap 50a of 
predetermined width of face in the mask layer 50. Or after forming a resist layer (not shown) 
in piles on the mask layer 50 after forming the mask layer 50 on [ whole ] an insulating layer 
74, and forming a hole in the center section of said resist layer by exposure development, the 
mask layer 50 exposed from this hole is deleted by RIE (reactive ion etching) etc., and gap 50a 
of predetermined width of face is formed in the mask layer 50. [0281] Or by this invention, the 
mask layer 50 may be formed by the resist. At the production process shown in drawing 25 , 
the insulating layer 74 exposed out of gap 50a of the mask layer 50 is deleted by RIE or ion 
milling, the 2nd antiferromagnetism layer 42 under an insulating layer 74 is further deleted to 
the location of a dotted line K, and the crevice 76 shown in drawing 26 is formed. It is desirable 
to delete the 2nd antiferromagnetism layer 42 until the comprehensive thickness which added the 
thickness of the 2nd antiferromagnetism layer 42 under a dotted line K and the thickness of the 
middle antiferromagnetism layer 41 at this time becomes 50 A or less. It is 40 A or less more 
preferably. Otherwise, it is because the center section D of the middle antiferromagnetism layer 
41 will leave the property of antiferromagnetism, it is annealing in the 2nd magnetic field of 
degree production process, a switched connection magnetic field will occur between a center 
section D and the center section D of the free magnetic layer 28 of the middle 
antiferromagnetism layer 41 and magnetization of the center section D of the free magnetic layer 
28 will be fixed firmly. [0282] Moreover, the 2nd antiferromagnetism layer 42 exposed out of 
gap 50a of the mask layer 50 may be removed altogether, the middle antiferromagnetism layer 
41 currently formed in the bottom of it may be removed to an alternate long and short dash line 
L, and milling may be stopped. [0283] As shown in drawing 25 , since the 2nd 
antiferromagnetism layer 42 is deleted in the direction near a perpendicular direction or a 
perpendicular direction to the insulating-layer 74 surface (or said substrate surface) surface, 
inside edge 42a of the 2nd antiferromagnetism layer 42 is formed in the direction near a 
perpendicular direction (illustration Z direction) or a perpendicular direction to the insulating- 
layer 74 surface (or said substrate surface). In addition, the inside end face of each class deleted 
when deleting to the layer formed in the 2nd antiferromagnetism layer 42 bottom naturally is a 
direction (formed in 80 degrees - 90 degrees by the angle to the insulating-layer 74 surface (or 
said substrate surface).) near a perpendicular direction or a perpendicular direction to the 
insulating-layer 74 surface (or said substrate surface). [0284] In addition, when inside edge 50b 
of the mask layer 50 is formed, for example like the dotted line M of drawing 7 in respect of 
the inclined plane where gap 50a spreads gradually towards the upper surface from an inferior 
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surface of tongue, or the curve, inside edge 42a of 2nd antiferromagnetism layer 42 grade is also 
formed as an inclined plane or a curve side. Moreover, inside edge 42a of 2nd 
antiferromagnetism layer 42 grade can also be made into an inclined plane or a curve side by 
adjusting the ion milling when deleting the 2nd antiferromagnetism layer 42, and the angle of 
RIE. [0285] If inside edge 50b of the mask layer 50 is formed as an inclined plane or a curve 
side, the other side becomes narrow [ the width-of-face size to the truck cross direction in gap 
50a deleted (the direction of illustration X) ] on the inferior surface of tongue. For this reason, 
the width of recording track Tw can be made still smaller than the width of face of gap 50a of 
the mask layer 50, and the magnetic sensing element which can respond to ** truck-ization can 
be manufactured. [0286] Moreover, although it is arbitrary how far it deletes, it is important 
on the center section D of the free magnetic layer 28 not to leave the antiferromagnetism layer 
of thickness with the thick degree tinctured with antiferromagnetism at least. [0287] Or instead 
of forming an insulating layer 74 in the shape of a solid film after membrane formation of the 
2nd antiferromagnetism layer 42 By forming an insulating layer on the field which forms the 
resist for wrap lift off and is not covered with said resist layer of the 2nd antiferromagnetism 
layer 42 in the field of the width of recording track Tw of the 2nd antiferromagnetism layer 42 
The insulating layer by which the hole was formed in the center section of the truck cross 
direction is formed, and you may make it delete the 2nd antiferromagnetism layer 42 and the 
middle antiferromagnetism layer 41 by using this insulating layer as a mask. When using as a 
mask the insulating layer by which the hole was formed in the center section of the truck cross 
direction, formation of the above-mentioned mask layer 50 can be omitted. In addition, after 
forming the protective layer which consists of Ta etc. on the 2nd antiferromagnetism layer 42, 
the resist for wrap lift off may be formed for the field of the width of recording track Tw. 
[0288] After above-mentioned RIE and the above-mentioned ion milling production process are 
completed, 2nd annealing in a magnetic field is given. The direction of a magnetic field at this 
time is the truck cross direction (the direction of illustration X). In addition, the 2nd [ this ] 
annealing in a magnetic field is smaller than the exchange anisotropy magnetic field of the 1st 
antiferromagnetism layer 22 in the 2nd impression magnetic field, and, moreover, makes heat 
treatment temperature lower than the blocking temperature of the 1st antiferromagnetism layer 
22. The exchange anisotropy magnetic field of the both-sides edge C of the middle 
antiferromagnetism layer 41 can be turned crosswise [ truck ] (the direction of illustration X), 
turning the direction of the exchange anisotropy magnetic field of the 1st antiferromagnetism 
layer 22 in the height direction (the direction of illustration Y) by this. In addition, the 2nd heat 
treatment temperature is 250 degrees C, and the magnitude of a magnetic field is 8-30 (kA/m) 
(A/m), for example, 24k. [0289] In addition, as for the magnitude of the 2nd magnetic field, 
it is desirable that it is larger than the saturation magnetic field of the free magnetic layer 28 and 
an anti-magnetic field. [0290] Since the both-sides edge C of the middle antiferromagnetism 
layer 41 takes on the property of antiferromagnetism by the antiferromagnetism-interaction 
generated between the 2nd antiferromagnetism layers 42 formed on it, by the 2nd [ this ] 
annealing in a magnetic field The both-sides edge C of the middle antiferromagnetism layer 41 
regulation-ization-metamorphoses, and a big switched connection magnetic field generates it 
between the both-sides edge C of the middle antiferromagnetism layer 41, and the both-sides 
edge C of the free magnetic layer 28. Magnetization of the both-sides edge C of the free 
magnetic layer 28 is fixed crosswise [ truck ] (the direction of illustration X) by this. [0291] 
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Since only the antiferromagnetism layer of thickness with the thin degree which is not tinctured 
with the property of antiferromagnetism is formed on the center section D of the free magnetic 
layer 28, on the other hand, also by the 2nd above-mentioned annealing in a magnetic field The 
center section D of the middle antiferromagnetism layer 41 formed on the center section D of 
the free magnetic layer 28 does not regulation-ization-metamorphose. Even if a switched 
connection magnetic field does not occur between a center section D and the center section D 
of the free magnetic layer 28 of the middle antiferromagnetism layer 41 or it generates, it has 
not been said that the value is small and the center section D of the free magnetic layer 28 is 
firmly fixed crosswise [ truck ] like the both-sides edge C. Moreover, it is also avoidable that 
the coercive force of the center section D of the free magnetic layer 28 increases by the middle 
antiferromagnetism layer 41. [0292] Magnetization of the center section D of the free magnetic 
layer 28 is in the condition weakly single-domain-ized by the degree which can carry out flux 
reversal to an external magnetic field. [0293] Moreover, since the thickness of the middle 
antiferromagnetism layer 41 on the center section D of the free magnetic layer 28 is 50A or less, 
it can lessen splitting of the sense current to the middle antiferromagnetism layer 41, and can 
raise the magnetic field detection output of a magnetic sensing element. [0294] Thus, in this 
invention, compared with the former, magnetization control of the free magnetic layer 28 can 
be performed appropriately, and the magnetic sensing element which was excellent in playback 
sensitivity also in the formation of a ** truck can be manufactured. [0295] Moreover, 2nd [ this 
] annealing in a magnetic field may be given after forming the 2nd antiferromagnetism layer 42 
and an insulating layer 74 on the middle antiferromagnetism layer 41 after the drawing 24 
production process. [0296] Next, at the production process shown in drawing 27 , spatter 
membrane formation of the insulating layer 75 which is missing from the crevice 76 made by 
deleting an insulating layer 74 and the 2nd antiferromagnetism layer 42, and consists of 
insulating materials, such as aluminum 203, Si02 and A1N, aluminum-Si-O, and Si3N4, is 
carried out from upper surface 74a of an insulating layer 74. The ion beam spatter method, the 
long slow spatter method, the collimation spatter method, etc. can be used for a spatter. [0297] 
The point which it should be careful of here is in the spatter angle theta 1 at the time of forming 
an insulating layer 75. it is desirable that it enlarges said spatter angle theta 1 as much as 
possible by this invention although the direction G of a spatter has the spatter angle of theta 1 
to the perpendicular direction of the film surface of each class of multilayers as shown in 
drawing 27 (namely, - more - to put it to sleep), and an insulating layer 75 tends to be formed 
by side 76a of a crevice 76. For example, said spatter angle theta 1 is 50 degrees to 70 degrees. 
[0298] Thus, by enlarging said spatter angle theta 1, the thickness tzl to the truck cross direction 
(the direction of illustration X) of the insulating layer 75 formed in side 76a of a crevice 76 can 
be formed more thickly than the thickness tz2 of the insulating layer 75 formed in the surface 
of upper surface 74a of an insulating layer 74, and base 76b of a crevice 76. Thus, if thickness 
of an insulating layer 75 is not adjusted, even if the insulating layer 75 of side 76a of a crevice 
76 will be removed altogether or an insulating layer 75 will remain by the ion milling in degree 
production process, the thickness can become very thin and cannot be operated as an insulating 
layer for reducing a splitting loss appropriately. [0299] Next, as shown in drawing 28 , ion 
milling is given from the angle (it is 0 degree to 20 degrees to the perpendicular direction on 
the surface of class of multilayers) near the film surface, perpendicular direction (direction 
parallel to an illustration Z direction), or perpendicular direction of each class of multilayers. 
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Ion milling is given until it removes appropriately the insulating layer 75 formed in base 76b of 
a crevice 76 at this time. The insulating layer 75 formed in the upper surface of an insulating 
layer 74 of this ion milling is also removed. On the other hand, although the insulating layer 75 
formed in side 76a of a crevice 76 can also be deleted a little It has the thickness tzl thicker than 
the insulating layer 75 formed in base 76b. Moreover, the direction H of milling of ion milling 
Since it will become in the direction of slant if it sees from the insulating layer 75 formed in side 
76a, the insulating layer 75 formed in side 76a is hard to be deleted compared with the insulating 
layer 75 formed in base 76b, and, therefore, the insulating layer 75 of moderate thickness is left 
behind to side 76a. [0300] The condition is drawing 28 . As for the thickness tz3 in the truck 
cross direction of the insulating layer 75 left behind to side 76a of a crevice 76, it is desirable 
that it is 5nm to lOnm. [0301] As shown in drawing 28 , upper surface 42c of the 2nd 
antiferromagnetism layer 42 is covered with an insulating layer 74, and it will be covered with 
the insulating layer 75 by side 76a of a crevice 76. [0302] and the up electrode layer 72 which 
has an up shield after applying to base 76b of a crevice 76 from insulating layers 74 and 75 and 
forming a non-magnetic layer 73 as shown in drawing 29 when required — a spatter — or plating 
formation is carried out. As for a non-magnetic layer 73, it is desirable to be formed with 
nonmagnetic electrical conducting materials, such as Ta, Ru, Rh, Ir, Cr, Re, and Cu. Although 
a non-magnetic layer 73 has a role of an up gap layer, since current stops being able to flow in 
multilayers easily, it is not desirable. [ of covering the base 76b top of the crevice 76 used as 
the entrance of a current path by the non-magnetic layer 73 which consists of an insulating 
material ] Therefore, it is desirable to form a non-magnetic layer 73 with a nonmagnetic 
electrical conducting material in this invention. [0303] In the magnetic sensing element formed 
as mentioned above, upper surface 42c of the 2nd antiferromagnetism layer 42 is covered with 
an insulating layer 74, and side 76a of a crevice 76 changes into the condition of having been 
covered with the insulating layer 75, and it becomes possible to manufacture the magnetic 
sensing element of the CPP mold which can control appropriately the splitting loss of current 
which flows from an electrode layer. [0304] The 3rd manufacture method of a CPP mold MAG 
sensing element is explained. As shown in drawing 30 , the lower electrode layer 70 which 
makes a lower shield layer serve a double purpose is formed on the substrate which is not 
illustrated using magnetic materials, such as NiFe. [0305] Furthermore, continuation membrane 
formation of the seed layer 21, the 1st antiferromagnetism layer 22, the fixed magnetic layer 23, 
the non-magnetic material layer 27, the free magnetic layer 28, and the non-magnetic layer 31 
is carried out according to the same production process as drawing 1 1 . A spatter and vacuum 
deposition are used for membrane formation. The material and thickness of each class are the 
same as each class which attached the same sign shown in drawing 11 . [0306] Even if 
atmospheric-air exposure of the layered product which also shows this invention to drawing 30 
by forming a non-magnetic layer 31 on the free magnetic layer 28 is carried out, it can prevent 
appropriately that the free magnetic layer 28 oxidizes. [0307] A non-magnetic layer 31 needs 
to be a precise layer which cannot oxidize easily due to atmospheric-air exposure here. [0308] 
In this invention, a non-magnetic layer 31 is formed with noble metals. It is desirable to 
specifically form with the noble metals which consist of any one sort of Ru, Re, Pd, Os, Ir, Pt, 
Au, and the Rh or two sorts or more. [0309] The non-magnetic layer 31 which consists of noble 
metals, such as Ru, is a precise layer which cannot oxidize easily due to atmospheric-air 
exposure. Therefore, even if it makes thickness of a non-magnetic layer 31 thin, it can prevent 
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appropriately that the free magnetic layer 28 oxidizes by atmospheric-air exposure. [0310] It 
is desirable to form a non-magnetic layer 31 by 1 OA or less by 3 A or more with this invention. 
It is possible to prevent appropriately that the free magnetic layer 28 oxidizes by atmospheric-air 
exposure appropriately also by the non-magnetic layer 31 of thin thickness of this level. [0311] 
Thus, ion milling control of degree production process can be performed appropriately and easily 
by having formed the non-magnetic layer 31 by thin thickness. [0312] After carrying out the 
laminating of each class to a non-magnetic layer 31, 1st annealing in a magnetic field is given. 
Impressing the 1st magnetic field (the direction of illustration Y) which is the direction which 
intersects perpendicularly with the width of recording track Tw (the direction of illustration X) , 
it heat-treats at the 1st heat treatment temperature, a switched connection magnetic field is 
generated between the 1st antiferromagnetism layer 22 and the magnetic layer 24 which 
constitutes the fixed magnetic layer 23, and magnetization of a magnetic layer 24 is fixed in the 
direction of illustration Y. The direction of illustration Y is fixed to hard flow by the switched 
connection by the RKKY interaction which magnetization of another magnetic layer 26 commits 
between magnetic layers 24. In addition, 1st heat treatment temperature is made into 270 degrees 
C, for example, and magnitude of a magnetic field is set to 800k (A/m). [0313] Moreover, 
noble-metals elements, such as Ru which constitutes a non-magnetic layer 31, are considered to 
be spread in the free magnetic layer 28 interior by the 1st above-mentioned annealing in a 
magnetic field. Next, ion milling of the whole surface of a non-magnetic layer 31 is carried out, 
and a non-magnetic layer 31 is removed. [0314] The ion milling of low energy can be used at 
the ion milling production process shown in drawing 30 . In addition, as for whenever [ incident 
angle / of the ion milling in the drawing 30 production process ], it is desirable to make it from 
a normal 30 degrees - 70 degrees over the substrate surface. In addition, the processing time of 
ion milling is several seconds - about 10 minutes. [0315] Next, on the free magnetic layer 28, 
using the same material as the magnetic material layer 30 of the free magnetic layer 28, or the 
diffusion prevention layer 29, the ferromagnetic layer 45 is formed and continuation membrane 
formation of the 2nd antiferromagnetism layer 42 and the insulating layer 74 is further carried 
out in a vacuum at the production process shown in drawing 31 . An insulating layer 74 is 
formed by insulating materials, such as aluminum 203, Si02 and A1N, aluminum-Si-O, and 
Si3N4. [0316] In addition, it is desirable to form the 2nd antiferromagnetism layer 42 with the 
same quality of the material as the 1st antiferromagnetism layer 22. [0317] Moreover, it is 
desirable that the thickness of the 2nd antiferromagnetism layer 42 makes it thick thickness 500A 
"or less by 80A or more. [0318] Next, the mask layer 50 which opened predetermined gap 50a 
crosswise [ truck ] (the direction of illustration X), for example, was formed with the inorganic 
material on the insulating layer 74 is formed like drawing 25 mentioned above. Or by this 
invention, the mask layer 50 may be formed by the resist. [0319] Furthermore, the insulating 
layer 74 exposed out of gap 50a of the mask layer 50 is deleted by RIE or ion milling, and the 
2nd antiferromagnetism layer 42 and the ferromagnetic layer 45 under an insulating layer 74 are 
deleted further. [0320] Or instead of forming an insulating layer 74 in the shape of a solid film 
after membrane formation of the 2nd antiferromagnetism layer 42 By forming an insulating layer 
on the field which forms the resist for wrap lift off and is not covered with said resist layer of 
the 2nd antiferromagnetism layer 42 in the field of the width of recording track Tw of the 2nd 
antiferromagnetism layer 42 The insulating layer by which the hole was formed in the center 
section of the truck cross direction is formed, and you may make it delete the 2nd 
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antiferromagnetism layer 42 and the ferromagnetic layer 45 by using this insulating layer as a 
mask. When using as a mask the insulating layer by which the hole was formed in the center 
section of the truck cross direction, formation of the above-mentioned mask layer 50 can be 
omitted. In addition, after forming the protective layer which consists of Ta etc. on the 2nd 
antiferromagnetism layer 42, the resist for wrap lift off may be formed for the field of the width 
of recording track Tw. [0321] As shown in drawing 31 , since the 2nd antiferromagnetism layer 
42 is deleted in the direction near a perpendicular direction or a perpendicular direction to the 
insulating-layer 74 surface (or substrate surface), inside edge 42a of the 2nd antiferromagnetism 
layer 42 is formed in the direction near a perpendicular direction (illustration Z direction) or a 
perpendicular direction to the insulating-layer 74 surface (or substrate surface). In addition, when 
deleting to the layer formed in the 2nd antiferromagnetism layer 42 bottom naturally, it will be 
formed in the direction near a perpendicular direction or a perpendicular direction by the inside 
end face of deleted each class to the insulating-layer 74 surface (or substrate surface). [0322] 
In addition, when inside edge 50b of the mask layer 50 is formed, for example like the dotted 
line M of drawing 31 in respect of the inclined plane where gap 50a spreads gradually towards 
the upper surface from an inferior surface of tongue, or the curve, inside edge 42a of 2nd 
antiferromagnetism layer 42 grade is also formed as an inclined plane or a curve side. [0323] 
After above-mentioned RIE and the above-mentioned ion milling production process are 
completed, 2nd annealing in a magnetic field is given. The direction of a magnetic field at this 
time is the truck cross direction (the direction of illustration X). In addition, the 2nd [ this ] 
annealing in a magnetic field is smaller than the exchange anisotropy magnetic field of the 1st 
antiferromagnetism layer 22 in the 2nd impression magnetic field, and, moreover, makes heat 
treatment temperature lower than the blocking temperature of the 1st antiferromagnetism layer 
22. The exchange anisotropy magnetic field of the both-sides edge C of the 2nd 
antiferromagnetism layer 42 can be turned crosswise [ truck ] (the direction of illustration X) , 
turning the direction of the exchange anisotropy magnetic field of the 1st antiferromagnetism 
layer 22 in the height direction (the direction of illustration Y) by this. In addition, the 2nd heat 
treatment temperature is 250 degrees C, and the magnitude of a magnetic field is 8-30 (kA/m) 
(A/m), for example, 24k. [0324] For this reason, by the 2nd above-mentioned annealing in a 
magnetic field, the 2nd antiferromagnetism layer 42 regulation-ization-metamorphoses 
appropriately, and the switched connection magnetic field of magnitude suitable between the 2nd 
antiferromagnetism layer 42 and the ferromagnetic layer 45 generates it. Furthermore, 
ferromagnetic association based on an exchange interaction occurs between the both-sides edges 
C of the ferromagnetic layer 45 and the free magnetic layer 28, and magnetization of the both- 
sides edge C of the free magnetic layer 28 is fixed crosswise [ truck ] (the direction of 
illustration X) to it by this. [0325] In addition, magnetization of the center section D of the free 
magnetic layer 28 is in the condition weakly single-domain-ized by the degree which can carry 
out flux reversal to an external magnetic field. [0326] Moreover, although a non-magnetic layer 
31 is removed completely and it will be slightly deleted by the surface of the free magnetic layer 
28 if the drawing 30 production process performs 50 degrees to 60 degrees, and milling time 
amount for a milling angle from 30 seconds in 50 seconds to the perpendicular direction of the 
insulating-layer 74 surface (or substrate surface) In order that the free magnetic layer 28 may 
not receive a serious damage by ion milling, ferromagnetic association suitable between the both- 
sides edges C of the ferromagnetic layer 45 and the free magnetic layer 28 occurs, and it also 
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becomes possible to set magnitude of an exchange bias magnetic field to 32-72 (kA/m). [0327] 
In this invention, even if it makes thin thickness of the ferromagnetic layer 45 by which a 
laminating is carried out on the free magnetic layer 28, magnetic association between the free 
magnetic layer 28 and the ferromagnetic layer 45 (ferromagnetism-exchange interaction) can be 
strengthened. [0328] If thickness of the ferromagnetic layer 45 is made thin, the switched 
connection magnetic field generated between the 2nd antiferromagnetism layer 42 and the 
ferromagnetic layer 45 becomes strong, and comes to be able to carry out magnetization 
immobilization of the both-sides edge of a free magnetic layer firmly. That is, side leading is 
stopped and the magnetic sensing element which can respond can be manufactured suitable for 
the formation of a ** truck. [0329] Moreover, if the ferromagnetic layer 45 is made thin, it can 
also be controlled that an excessive static magnetic field enters the center section D of the free 
magnetic layer 28 from the inside side of the ferromagnetic layer 45, and the fall of sensitivity 
to the external magnetic field of the center section D of the free magnetic layer 28 in which flux 
reversal is possible can be prevented. [0330] In this invention, the thickness of the 
ferromagnetic layer 45 can be set as 5A - 50A. Thus, in this invention, compared with the 
former, magnetization control of the free magnetic layer 28 can be performed appropriately, and 
the magnetic sensing element which was excellent in playback sensitivity also in the formation 
of a ** truck can be manufactured. [0331] Of the ion milling production process of drawing 31 
, the crevice 77 as shown in drawing 32 is formed. Furthermore, the insulating layer 75 which 
is 5nm to lOnm is formed in side 77a of a crevice 77 for the thickness tz3 in the truck cross 
direction of drawing 27 and the drawing 28 production process of having explained previously, 
and the same production process. [0332] As shown in drawing 32 , upper surface 42c of the 
2nd antiferromagnetism layer 42 is covered with an insulating layer 74, and it will be covered 
with the insulating layer 75 by side 77a of a crevice 77. [0333] and the up electrode layer 72 
which has an up shield after applying to base 77b of a crevice 77 from insulating layers 74 and 
75 and forming a non-magnetic layer 73, when required - a spatter — or plating formation is 
carried out. As for a non-magnetic layer 73, it is desirable to be formed with nonmagnetic 
electrical conducting materials, such as Ta, Ru, Rh, Ir, Cr, Re, and Cu. As for a non-magnetic 
layer 73, forming with a nonmagnetic electrical conducting material is desirable. [0334] In the 
magnetic sensing element formed as mentioned above, upper surface 42c of the 2nd 
antiferromagnetism layer 42 is covered with an insulating layer 74, and side 77a of a crevice 77 
changes into the condition of having been covered with the insulating layer 75, and it becomes 
possible to manufacture the magnetic sensing element of the CPP mold which can control 
appropriately the splitting loss of current which flows from an electrode layer. [0335] In 
addition, the operation gestalt which used as the magnetic sensing element of a CPP mold the 
magnetic sensing element which shows drawing 33 to drawing 18 , and drawing 34 are the 
operation gestalten which used as the magnetic sensing element of a CPP mold the magnetic 
sensing element shown in drawing 19 . [0336] Namely, the lower electrode layer 70 each 
magnetic sensing element shown in drawing 33 and drawing 34 both [ layer / bottom / of the 
1st antiferromagnetism layer 22 ] used the lower shield is formed. Moreover, an insulating layer 
74 is formed on the 2nd antiferromagnetism layer 42, an insulating layer 75 is formed in the 
sides 78a and 79a of crevices 78 and 79, and the up electrode layer 72 which applied on base 
78b of crevices 78 and 79 and 79b from on an insulating layer 74 and 75 further, and made the 
up shield serve a double purpose is formed. [0337] Although the magnetic sensing element 
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shown in drawing 35 and drawing 36 is a magnetic sensing element of a CPP mold like drawing 
22 and drawing 29 , the configuration of the lower electrode layer 80 which serves as a lower 
shield layer differs from it of drawing 22 and drawing 29 . [0338] In namely, the center section 
of the truck cross direction (the direction of illustration X) of the lower electrode layer 80 which 
made the lower shield layer which consists of magnetic materials, such as NiFe, serve a double 
purpose in drawing 35 and drawing 36 Lobe 80a projected in the direction of multilayers from 
the seed layer 21 to the free magnetic layer 28 (illustration Z direction) is prepared. The upper 
surface 80a 1 of this lobe 80a is in contact with the inferior surface of tongue of multilayers 
which consists of a free magnetic layer 28 from the substrate layer 22, and it is the point that 
current flows in said multilayers from lobe 80a (to or lobe 80from multilayers a). [0339] And 
the insulating layer 81 is formed between both-sides edge 80b in the truck cross direction (the 
direction of illustration X) of the lower electrode layer 80, and said multilayers. An insulating 
layer 81 is formed by insulating materials, such as aluminum 203, Si02 and A1N, aluminum-Si- 
O, and Si3N4. [0340] The current path over said multilayers is narrow down by formation of 
lobe 80 a , a lower electrode layer 80 is that an insulating layer 81 was further formed between 
both-sides edge 80b of the lower electrode layer 80 , and said multilayers , and can control 
appropriately that current carries out splitting into said multilayers from both-sides edge 80b , 
and it becomes possible to manufacture a magnetic sensing element with a large playback output 
more effectively in the magnetic sensing element show in drawing 35 and drawing 36 . [0341] 
In addition, although the width-of-face size of the truck cross direction (the direction of 
illustration X) of the upper surface 80a 1 of lobe 80a of the lower electrode layer 80 is in 
agreement with the width-of-face size in the truck cross direction (the direction of illustration 
X) of Field D in the magnetic sensing element shown in drawing 35 and drawing 36 , the width- 
of-face size of the upper surface 80al may be larger than the width-of-face size of Field D. It 
is that the width-of-face size of the upper surface 80al is in agreement with the width of 
recording track Tw more preferably. It is possible to be able to pass current and to manufacture 
a magnetic sensing element with a large playback output only in the field of the width of 
recording track Tw, to said multilayers, more effectively, by this. [0342] With the operation 
gestalt shown in drawing 35 and drawing 36 , moreover, the both-sides side 80a2 in the truck 
cross direction (the direction of illustration X) of lobe 80a formed in the lower electrode layer 
80 Although formed in respect of the inclined plane where the width-of-face size in the truck 
cross direction of lobe 80a follows for separating from said multilayers (an illustration Z 
direction and hard flow), and spreads gradually, or the curve, the both-sides side 80a2 may be 
a vertical plane to the truck cross direction (the direction of illustration X). [0343] In addition, 
lobe 80a may be formed in the lower electrode layer 80, and you may be the 2nd 
antiferromagnetism layer 33 and the magnetic sensing element by which an insulating layer 71 
or insulating layers 74 and 75 are not formed on 42. In this case, although it is thought that a 
current path is inferior to the width of recording track Tw in breadth or the playback output 
which becomes empty since between the up electrode layer 72, the 2nd antiferromagnetism layer 
33, and 42 is not insulated, by the inferior-surface-of-tongue side of said multilayers, by forming 
lobe 80a in the lower electrode layer 80, a current path can be narrowed down, the breadth of 
a current path can be stopped, and the fall of a playback output can be controlled. [0344] The 
manufacture method of the lower electrode layer 80 of the magnetic sensing element shown in 
drawing 35 and drawing 36 and an insulating layer 81 is explained. [0345] First, as shown in 
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drawing 37 , after plating or spatter forming the lower electrode layer 80 and carrying out data 
smoothing of the surface by polishing etc. using magnetic materials, such as NiFe, the resist 
layer 92 is formed on the center section of the truck cross direction (the direction of illustration 
X) of the lower electrode layer 80. [0346] Next, as shown in drawing 38 , both-sides edge 80b 
of the lower electrode layer 80 which is not covered with this resist layer 92 is deleted to the 
middle by ion milling. Lobe 80a can be formed in the center section of the truck cross direction 
of the lower electrode layer 80 by this. [0347] Furthermore, as shown in drawing 39 , when 
spatter membrane formation of the insulating layer 81 is carried out on both-sides end-face 80b 
of the lower electrode layer 80 which is not covered with the resist layer 92 and upper surface 
81a of an insulating layer 81 becomes the upper surface 80al of lobe 80a of the lower electrode 
layer 80 with the same plane mostly, said spatter membrane formation is ended. And the resist 
layer 92 is removed. [0348] In addition, after removing the resist layer 92, upper surface 81of 
upper surface [ of lobe 80a of the lower electrode layer 80 ] 80al and insulating layer 81 a is 
ground using CMP etc., and upper surface 81a of the upper surface 80al of lobe 80a and an 
insulating layer 81 may be made to become high degree of accuracy with the same plane. In this 
case, data smoothing, such as the first polishing, is omissible. [0349] After removing the resist 
layer 92, the laminating of the seed layer 21, the 1st antiferromagnetism layer 22, the fixed 
magnetic layer 23, the non-magnetic material layer 27, and the free magnetic layer 28 is carried 
out on the lower electrode layer 80 and an insulating layer 81. [0350] In addition, although 
multilayers touch up and down and the up electrode layer 72 which serves both as the lower 
electrode layers 70 or 80 and up shield layer which serve as a lower shield layer is formed in 
the magnetic sensing element of the CPP mold of the gestalt of operation mentioned above, it 
becomes possible to lose the need of forming an electrode layer and a shield layer separately, 
and to easy-ize manufacture of the magnetic sensing element of a CPP mold by such 
configuration. [0351] And if an electrode function and a shield function are made to make it 
serve a double purpose, gap length Gl determined the gap between shield layers can be 
shortened very much, and it will become possible to manufacture appropriately the magnetic 
sensing element which can respond by future high recording density-ization. [0352] Moreover, 
you may be the configuration of preparing the electrode layer which consists of Au, W, Cr, Ta, 
etc. in the upper surface and/or the inferior surface of tongue of multilayers, and preparing the 
shield layer made from a magnetic material in the field of the electrode layer of multilayers and 
the opposite side through a gap layer in this invention. [0353] In addition, by the magnetic 
sensing element of the CPP mold of the gestalt of operation mentioned above, the non-magnetic 
material layer 27 may be formed with nonmagnetic electrical conducting materials, such as Cu, 
or the non-magnetic material layer 27 may be formed by insulating materials, such as aluminum 
203 and Si02. The former magnetic sensing element is structure (CPP-GMR) called a spin bulb 
GMR mold magneto-resistive effect element, and the latter magnetic sensing element is structure 
called a spin bulb tunnel mold magneto-resistive effect mold element (CPP-TMR). [0354] A 
tunnel mold magneto-resistive effect mold element produces resistance change using the tunnel 
effect, when magnetization with the fixed magnetic layer 23 and the free magnetic layer 28 is 
anti-parallel, the tunnel current which minded said non-magnetic material layer 27 most stops 
being able to flow easily, resistance becomes max, on the other hand, when magnetization with 
the fixed magnetic layer 23 and the free magnetic layer 28 is parallel, tunnel current becomes 
the easiest to flow, and resistance becomes min. [0355] When using this principle and changing 
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magnetization of the free magnetic layer 28 in response to the effect of an external magnetic 
field, the changing electric resistance is regarded as voltage change (in the case of constant 
current actuation), or current change (in the case of constant-voltage actuation), and the leak 
magnetic field from a record medium is detected. [0356] Although this invention was described 
about the desirable example above, various modification can be added in the range which does 
not deviate from the range of this invention. [0357] In addition, the example mentioned above 
is instantiation to the last, and does not limit the claim of this invention. [0358] [Effect of the 
Invention] In this invention explained to details above, the laminating of the non-magnetic layer 
which consists of noble metals on a free magnetic layer or a middle antiferromagnetism layer 
is carried out. These noble metals are the quality of the materials which cannot oxidize easily, 
and even if thickness is thin, they demonstrate sufficient antioxidizing effect. Therefore, when 
removing said non-magnetic layer at a next production process, the ion milling of low energy 
can be used. [0359] The ion milling of low energy has a late milling rate, and it becomes 
possible to narrow the margin of a milling stop location. It also becomes possible to stop milling 
at the moment of removing said non-magnetic layer by ion milling especially. A free magnetic 
layer or a middle antiferromagnetism layer stops therefore, receiving a serious damage by ion 
milling. [0360] When continuation membrane formation of the 2nd antiferromagnetism layer 
is carried out on this ferromagnetic layer after the laminating of the ferromagnetic layer is 
carried out on said free magnetic layer, magnetic association between said ferromagnetic layers 
by which a laminating is carried out on said free magnetic layer (ferromagnetism-exchange 
interaction) can become strong, can make thickness of said ferromagnetic layer thin, and can 
strengthen the switched connection magnetic field generated between the 2nd antiferromagnetism 
layer and said ferromagnetic layer. Therefore, the magnetization immobilization of the both-sides 
edge of said free magnetic layer can be carried out firmly, side leading is stopped, and the 
magnetic sensing element which can respond can be manufactured suitable for the formation of 
a ** truck. [0361] Moreover, if said ferromagnetic layer is made thin, it can also be controlled 
that an excessive static magnetic field enters the center section of said free magnetic layer from 
the inside side of said ferromagnetic layer, and the fall of sensitivity to the external magnetic 
field of the center section of the free magnetic layer in which flux reversal is possible can be 
prevented. [0362] Moreover, where the laminating of said non-magnetic layer is carried out on 
said middle antiferromagnetism layer When 1st annealing in a magnetic field is carried out and 
the noble-metals material for forming said non-magnetic layer is mixed with the material of said 
middle antiferromagnetism layer When this mixture makes it what shows antiferromagnetism, 
even if said noble-metals material is spread inside said middle antiferromagnetism layer, it can 
lose that the antiferromagnetism of said middle antiferromagnetism layer deteriorates. [0363] 
Moreover, the magnetic sensing element in this invention is applicable to both also by the 
magnetic sensing element of a CIP mold, or the magnetic sensing element of a CPP mold. 

CLAIMS 

[Claim (s)] [Claim 1] A manufacture method of a magnetic sensing element characterized by 
having the following production processes, (a) A production process which forms on a substrate 
multilayers by which the laminating was carried out to order of the 1st antiferromagnetism layer, 
a fixed magnetic layer, a non-magnetic material layer, a free magnetic layer, and a non-magnetic 
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layer that consists of a noble-metals material from the bottom, (b) A production process which 
gives 1st annealing in a magnetic field, is made to generate a switched connection magnetic field 
between said 1st antiferromagnetism layers and fixed magnetic layers, and fixes the 
magnetization direction of said fixed magnetic layer, (c) A production process at which a both- 
sides edge of said non-magnetic layer is removed, and the both-sides edge surface of said free 
magnetic layer is exposed, (d) A production process which forms a ferromagnetic layer on said 
free magnetic layer exposed to both sides of said non-magnetic layer, 2nd annealing in a 
magnetic field is given, (e) - a production process which forms the 2nd antiferromagnetism 
layer on said ferromagnetic layer, and (f) - A production process which is made to generate a 
switched connection magnetic field between said 2nd antiferromagnetism layers and said 
ferromagnetic layers, and fixes magnetization of a both-sides edge of said ferromagnetic layer 
and said free magnetic layer in the magnetization direction of said fixed magnetic layer, and the 
crossing direction. [Claim 2] A manufacture method of a magnetic sensing element according 
to claim 1 of setting thickness of said ferromagnetic layer as 5A - 50A. [Claim 3] A 
manufacture method of a magnetic sensing element characterized by having the following 
production processes, (g) A production process which forms on a substrate multilayers by which 
the laminating was carried out from the bottom in order of a non-magnetic layer which consists 
of a 1st antiferromagnetism layer, fixed magnetic layer, non-magnetic material layer, free 
magnetic layer, and middle antiferromagnetism layer and a noble-metals material, (h) A 
production process which gives 1st annealing in a magnetic field, is made to generate a switched 
connection magnetic field between said 1st antiferromagnetism layers and fixed magnetic layers, 
and fixes the magnetization direction of said fixed magnetic layer, (i) A production process at 
which said non-magnetic layer is all removed and the surface of said middle antiferromagnetism 
layer is exposed, (j) A production process which forms the 2nd antiferromagnetism layer on said 
middle antiferromagnetism layer, and a production process which deletes a center section of the 
2nd antiferromagnetism layer of (k) above, (1) A production process which gives 2nd annealing 
in a magnetic field, is made to generate a switched connection magnetic field between a both- 
sides edge of a middle antiferromagnetism layer under the 2nd antiferromagnetism layer, and 
a both-sides edge of a free magnetic layer, and fixes magnetization of a both-sides edge of said 
free magnetic layer in the magnetization direction of said fixed magnetic layer, and the crossing 
direction. [Claim 4] A manufacture method of a magnetic sensing element according to claim 
3 which this mixture forms using a metallic material in which antiferromagnetism is shown when 
said non-magnetic layer is mixed with a material of said middle antiferromagnetism layer. 
[Claim 5] A manufacture method of a magnetic sensing element according to claim 3 or 4 which 
forms said middle antiferromagnetism layer by 10A or more at the aforementioned (g) 
production process at 50 A or less. [Claim 6] A manufacture method of a magnetic sensing 
element according to claim 5 which forms said middle antiferromagnetism layer by 40A or less 
by 30 A or more. [Claim 7] A manufacture method of a magnetic sensing element according to 
claim 3 to 6 to which all center sections of the 2nd antiferromagnetism layer are removed, and 
said middle antiferromagnetism layer is exposed at the aforementioned (k) production process. 
[Claim 8] A manufacture method of a magnetic sensing element according to claim 3 to 6 of 
making into 50A or less thickness of an antiferromagnetism layer formed on a center section of 
said free magnetic layer, or not leaving an antiferromagnetism layer on a center section of said 
free magnetic layer at the aforementioned (k) production process. [Claim 9] A manufacture 
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method of a magnetic sensing element according to claim 8 which makes thickness of an 
antiferromagnetism layer formed on a center section of said free magnetic layer 40A or less at 
the aforementioned (k) production process. [Claim 10] A manufacture method of a magnetic 
sensing element characterized by having the following production processes, (m) A production 
process which forms on a substrate multilayers by which the laminating was carried out from 
the bottom in order of the 1st antiferromagnetism layer, a fixed magnetic layer, a non-magnetic 
material layer, a free magnetic layer, and a non-magnetic layer that consists of a noble-metals 
material, (n) A production process which gives 1st annealing in a magnetic field, is made to 
generate a switched connection magnetic field between said 1st antiferromagnetism layers and 
fixed magnetic layers, and fixes the magnetization direction of said fixed magnetic layer, (o) A 
production process at which said non-magnetic layer is all removed and the surface of said free 
magnetic layer is exposed, (p) A production process which forms a ferromagnetic layer and the 
2nd antiferromagnetism layer in order on said free magnetic layer, (q) A production process 
which removes a center section of said 2nd antiferromagnetism layer and said ferromagnetic 
layer, (r) A production process which gives 2nd annealing in a magnetic field, is made to 
generate a switched connection magnetic field between said 2nd antiferromagnetism layers and 
said ferromagnetic layers, and fixes magnetization of a both-sides edge of said ferromagnetic 
layer and said free magnetic layer in the magnetization direction of said fixed magnetic layer, 
and the crossing direction. [Claim 11] A manufacture method of a magnetic sensing element 
according to claim 10 of setting thickness of said ferromagnetic layer as 5 A - 50 A. [Claim 12] 
A manufacture method of a magnetic sensing element according to claim 1 to 11 of having a 
production process which opens a gap crosswise [ truck ] and carries out the laminating of the 
electrode layer of a pair on said 2nd antiferromagnetism layer. [Claim 13] A manufacture 
method of a magnetic sensing element according to claim 1 or 2 characterized by providing the 
following A production process which carries out the laminating of the insulating layer by which 
it has a production process which forms a lower electrode layer on a substrate (si) before the 
aforementioned (a) production process, and said 2nd antiferromagnetism layer was prepared in 
a hole by center section of the cover truck cross direction after the aforementioned (e) 
production process at said (s2) 2nd antiferromagnetism layer top (s3) A production process 
which forms an up electrode layer which flows electrically in said multilayers layer [Claim 14] 
A manufacture method of a magnetic sensing element according to claim 3 to 1 1 characterized 
by providing the following A production process which has a production process which forms 
a lower electrode layer, and forms an insulating layer instead of a production process of the 
above (k) or (q) on a substrate (tl) before the above (g) or the (m) production process at said 
(t2) 2nd antiferromagnetism layer top (t3) A production process which forms a crevice on said 
insulating layer by deleting a part which carries out the laminating of the resist which prepared 
a hole in a center section of the truck cross direction, and is exposed to said hole of said 
insulating layer and said 2nd antiferromagnetism layer, and a production process which forms 
in a base of said (t4) crevice an up electrode layer which flows electrically [Claim 15] A 
manufacture method of a magnetic sensing element according to claim 3 to 1 1 characterized by 
providing the following A production process which has a production process which forms a 
lower electrode layer on a substrate (t5) before the above (g) or the (m) production process, and 
forms an insulating layer by which a hole was formed in the center section of the truck cross 
direction on said (t6) 2nd antiferromagnetism layer instead of a production process of the above 
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(k) or (q) (t7) A production process which forms a crevice by deleting a truck cross direction 
center section of said 2nd antiferromagnetism layer by using said insulating layer as a mask, and 
a production process which forms in a base of said (t8) crevice an up electrode layer which 
flows electrically [Claim 16] the laminating was carried out on a production process which 
applies on said insulating layer from said (ul) crevice, and forms other insulating layers between 
the aforementioned (t3) production process and the aforementioned (t4) production process or 
between the aforementioned (t7) production process and the aforementioned (t8) production 
process, and a base of said (u2) crevice ~ said -- others ~ a manufacture method of a magnetic 
sensing element according to claim 14 or 15 of having a production process which removes an 
insulating layer. [Claim 17] Between the aforementioned (si) production process, between the 
aforementioned (a) production processes and the aforementioned (tl) production process, the 
above (g), or the (m) production process Between the aforementioned (t5) production process, 
the above (g), or the (m) production process, or in the center of the truck cross direction of said 
(vl) lower electrode layer Have a production process which forms a lobe projected in said 
direction of multilayers, and a production process which prepares an insulating layer in the both- 
sides section of the truck cross direction of said lobe of said (v2) lower electrode layer, and it 
sets at the above (a), (g), or the (m) production process. A manufacture method of a magnetic 
sensing element according to claim 13 to 16 which forms said multilayers so that the upper 
surface of said lobe may touch an inferior surface of tongue of said multilayers. [Claim 18] A 
manufacture method of a magnetic sensing element according to claim 17 which makes the same 
plane the upper surface of said lobe, and the upper surface of said insulating layer prepared on 
a both-sides edge of said lower electrode layer in the aforementioned (v2) production process. 
[Claim 19] A manufacture method of a magnetic sensing element according to claim 13 to 18 
which forms said lower electrode layer and/or said up electrode layer with a magnetic material. 
[Claim 20] A manufacture method of a magnetic sensing element according to claim 13 to 19 
which forms said up electrode layer as that to which the laminating of said multilayers, a layer 
formed with a nonmagnetic conductivity material which flows on an electric target, and the layer 
formed with a magnetic material was carried out. [Claim 21] A manufacture method of a 
magnetic sensing element according to claim 1 to 20 which forms said non-magnetic material 
layer with a nonmagnetic electrical conducting material. [Claim 22] A manufacture method of 
a magnetic sensing element according to claim 13 to 20 which forms said non-magnetic material 
layer by insulating material. [Claim 23] A manufacture method of a magnetic sensing element 
according to claim 1 to 22 which forms said non-magnetic layer by 3 A or more at the above (a) , 
(g), or the (m) production process at 10A or less. [Claim 24] A manufacture method of a 
magnetic sensing element according to claim 1 to 23 which forms said non-magnetic layer at the 
above (a), (g), or the (m) production process at any one sort of Ru, Re, Pd, Os, Ir, Pt, Au, and 
the Rh, or two sorts or more. [Claim 25] A manufacture method of a magnetic sensing element 
according to claim 1 to 24 which forms said free magnetic layer by three-tiered structure of a 
magnetic layer at the above (a), (g), or the (m) production process. [Claim 26] A manufacture 
method of a magnetic sensing element according to claim 25 which forms said free magnetic 
layer by three- tiered structure of CoFe/NiFe/CoFe. 
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